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INTRODUCTION

The purpose of this work was to obtain some quantitative measure of
relative performance for two very different programming languages. One
language was FORTRAN and the other was the Klerer-May (4) (K-M) two-
dimensional (2-D) language. In this 2-D language, programming of most
algebraic expressions requires little or no alteration of the text book form
when typed on a input/output typewriter with mathematical typing capability.
The general syntax of the language was designed so as to minimize the learn-
ing period of the novice user, to minimize programming error by using ordin-
ary mathematical notation and semantics, and to be self-documenting and
easily readable by anyone with a minimum of mathematical literacy.

Some of the basic style associated with the K-M 2-D programming system
is illustrated by the examples to be found in appendices D and E. Programs
are input by typing on a modified 1/O typewriter. Half-space subscripting
and superscripting are under keyboard control and arbitrary-sized common
mathematical symbols may be "drawn" by the use of eight special characters
that "interlock" so that the complete symbol appears to be continuous. Cor-
rections can be made by overtyping or by pressing a special "erase" key
when positioned over the unwanted character. Mathematical symbols need not
be typed neatly as the system was designed to recognize highly asymmetric
representations of basic symbols and to tolerate non-uniform spacing in both
horizontal and vertical directions. Arbitrary back and forward spacing, up
and down spacing, intermixed with typing, is permitted within the boundaries
of a single (compound) statement terminated horizontally by a period. The
reference manual for the basic system is printed on two sides of a plastic 8
1/4 by 10 3/4 inch sheet which is illustrated in appendix C. The philosophy
of the system is to permit the user to exercise a variety of (sometimes equiva-
lent) syntactical forms identical to ordinary mathematical notation, to allow
easy input even by awkward typists, and to minimize the amount of procedur-
al and linguistic detail necessary for use of the system. Ambigious input is
resolved by the use of context dependent processing and, prior to full com-
pilation and execution, by output to the user of a Fortran-like linear interpre-
tation of his input. The user can then correct or edit his program if the
system's interpretation differs from his own.

However, as has been previously noted (1,3,7), experiments to test the
relative efficiency of programming languages are difficult to carry out for
several reasons. Long term studies on professional programmers engaged in
producing a large production program present administrative difficulties, since
the interests of those responsible for producing the program (e.g. minimizing
costs) are not necessarily the same as those who are interested in studying
the project in ways that assure statistical validity. Also, having another
group duplicate the program using a different language is nearly always not
practical. Shorter studies on artificial test problems tend to produce results
of dubious statistical validity. This stems from the difficulty in controlling
the human factors than can affect the results of such an experiment, the
small number of subjects usually available, but most importantly the tremen-
dously large variance or range in performance from one individual to another
(1,3,5). My own personal experience in directing a computing center for
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many years and in managing programming efforts has led me to believe that a
gifted programmer can produce checked-out code (regardless of the program-
ming language) at a rate which appears to be 10 to 100 times faster than a
programmer who is competent but of mediocre talent.

Because of these considerations it was decided to carry out some initial
studies on a population consisting of students who were taking a first comput-
ing course using FORTRAN as a programming language. It could be expected
that such a group would be relatively homogeneous in terms of education,
work experience, and previous knowledge of computing. Also, the experimen-
tal procedures would be easier to administer if the instructor of the course
agreed to cooperate and if the students were told that their participation in
the experiment would be credited toward their work. However, the require-
ment that the experiment not interfere unduly with the normal curriculum of
the course forced the use of test problems of minimal expectation effort to be
assigned to that phase where the two languages were compared (Experiment
II). Further, as a desireable side effect, it might be expected that the use of
these very simple problems might narrow down the variance associated with
natural programming ability. Also, in order to gain some feeling for the
inherent variability of the results for less artificial problems, a separate
study (Experiment 1) was undertaken.

EXPERIMENT I (Fortran Timing)

PURPOSE

The purpose of this experiment was to gather performance (time) data
for students learning FORTRAN.

METHOD

The subjects were students in a first level graduate computing course.
There was no interference with the normal conduct of the cour3e and students
were asked only to supply time data for programming, debugging, keypunch-
ing, wait time, and number of debugging runs. The Fortran text was by
McCracken (2) and problems were those picked by the instructor without
regard to the purpose of this data sampling.

RESULTS

The detailed results of this experiment are given in Appendix A. The
set of results for each assigned problem is first identified by the heading
"Fortran Timing Results", followed by the problem number and page where it
may be found in McCracken's book. The number of student responses for
each problem is also given. The first block is the raw input data specifying
programming time, keypunch time, the number of debug runs, debug time,
debug keypunch time, and computer wait time, as reported by each student.
Where no data was reported for any item, the code 9191 was entered at the
appropriate place. The next block gives the statistical results computed from
the raw data. In cases where data was not reported for either programming
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time or debug time for a specific problem and student then the sum of the
average programming time plus average debug time might differ from the
average of total (programming plus debug) time since total programming was
not defined unless both items were reported together.

In the next output block, the average, range (difference between maxi-
mum and minimum), performance ratio (maximum divided by minimum, where a
line of asteriks indicates that the ratio was in excess of a meaningful value),
variance, and standard deviation associated with each measured category are
given.

The last output block for each problem is a distribution plot of total
programming time for the set of students. In each plot the vertical line
labeled M denotes the median point and the vertical line labeled A denotes the
point which represents the average total programming time for the particular
problem.

The actual problems are given in Appendix D. There, McCracken's
problems are shown side by side with the corresponding K-M programs which
are solutions to McCracken's problems. The purpose of this appendix is to
illustrate how little translation is necessary to go from the problem statement
stage to the actual 2-D programs. It should also be pointed out that anyone
with elementary mathematical literacy should be able to understand the K-M
programs without prior instruction. The only artifices that might require
referral to the K-M reference manual (Appendix C) might be the DIMENSION
declaration (but whose meaning would be obvious to anyone with experience in
any other programming language) and the use of the "ket" brackets following
a variable to enclose the number representing the field size of the integer to
be printed.

DISCUSSION

The results of this experiment make clear that there is a wide variation
in individual programming performance. This is consistent with previously
reported results (3). For meaningful sample size, the performance ratio
associated with the measure of total programming time varied from a low of 10
to a high of 50 over the set of problems. For a category such as debug
time, it was difficult to assign a meaningful performance ratio since this could
vary from zero to relatively large quotients. Even the performance ratio
associated with keypunch time seemed to be dependent on the particular
problem. This might indicate that a certain portion of what was reported as
keypunch time was not just the timing of mechanical effort but might include
"think time" connected with each problem.

Furthermore, the distribution of these results tend to be highly skewed
with large variances. The asymmetric nature of each distribution of total
programming time is indicated by the relative separation between average and
median on each plot. If should be noted that each distribution was plotted
on a relative scale which was a function of the maximum element in the set,
i.e., the maximum element always occurs on the extreme right of the plot.
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But. it is indeed surprising that such wide performance variations appear
for such elementary problems and in a novice population with an expectation
of relative homogeneity. Previous results suggest that these wide variations
are also consistent with the performance of experienced programmers (1,3,6).

An important question to be addressed is whether such results are
unique to programming or are they typical of performance in other technical
or professional fields? It is difficult to think of another field which both
allows the formation of a metric of quantitative performance and for which
there is typically a wide range of performance. The only endeavors which
come to mind that are characterized by analogous or even a greater range in
quantitative performance are those of invention or scientific discovery.
However, it would appear that the quality of intellectual endeavor associated
with invention or scientific discovery is of a much higher plane than the
mundane task of programming. Or, indeed is this really so?

The problem of the great variance in performance for invention and
scientific discovery was examined by Shockley (6). Even in a highly selected
population sample of research workers in scientific laboratories, he found that
some individuals were at least fifty times more productive than others in
equivalent circumstances.

Shockley speculated that these statistics might be explained by a model
of human intelligence where each individual had a capability of being able to
be aware of M ideas and their relationships simultaneously. Furthermore,
since a higher value of M would allow many more permutations and combina-
tions of basic ideas, then a relatively small increment in the value of M would
cause a disproportionally larger increase in the total number of permuted or
combined basic ideas relevant to an invention or intellectual discovery. An
alternate model, also proposed by Shockley, would link intellectual productiv-
ity to the product of independently varying different factors. If the number
of factors were large, and if one individual's factors each exceed that of
another individual by a modest amount, the overall product of factors will be
very different between the two individuals. Shockley also gives some hints
as to how one can determine the parameters of each model (e.g., the value of
"M") by studying the statistics of productivity.

For the case of programming, where one must keep in mind many consid-
erations, Shockley's first model seems attractive. In "act, based on personal
introspection, and informal discussions with other individuals as to how they
function in the process of programming, it would appear that the capability of
perceiving several ideas and their relationships simultaneously may be crucial
to successful, efficient programming.

There are other ways of regarding these results. We could conclude
that we must be more selective in training and employing programmers, since
those programmers who do less well than the median exert a highly dispropor-
tionate negative effect on programming performance. But in view of the
current shortage of programmers, this does not appear to be a practical
alternative, even if one were to agree on an efficient selection criteria.
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However, it does provide a clue as to why very large programming teams tena
to be slower in producing a programming product than a highly selected tiny
group. The overall performance of a group tends to be lower than its most
inefficient member.

But one can treat this matter from a more disparate point of view. Put
bluntly, it would appear that the results suggest that most people who do
programming simply do not possess the special intellectual skills to easily
program on an appropriately competant level. If one wishes to speculate
within the framework of such a model, then it would appear that much of the
present concern witn program errors and program reliability may be missing
the essense of the phenomenon. Instead of these errors 'being evidence of
inadequate system methodology (e.g. an inadequate program structure), they
may indeed point to essentially random psychological effects brought about by
an inability to perform to the level of the programming task.

Regardless of the precise theoretical model to account for this wide
variation in performance, it would seem that the nature of the phenomenon
dictates the most efficient solution, i.e., automatic programming systems for
that (large) part of programming tasks which are well formulated in some
sense and where the translation from problem statement to computer code is
essentially deterministic.

EXPERIMENT II (2-D vs Fortran)

PURPOSE

The purpose was to measure the comparative performance of programming
novices, with some experience in FORTRAN, upon brief exposure to a 2-D
language.

METHOD

Two very simple problems were chosen so as not to interfere with the
usual classroom objectives. Problem #1 was:

" Print Y for values of X starting at X 0.1 increasing in steps of 0.2

until X = 0.9 where
5

Y = I iX
i=1

and problem #2 was:

P 100 + 50X+25X
2

10O X3 + 2X4

Print P for X = 1, 2, ... , 6."
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The experiment was repeated for two dillerent classes taking a graduate
first course offering in computer science where FORTRAN was introduced as d
programming language. At, the time the students were asked to participate in
the experiment, they had already had approximately 20 to 23 hours of formal
classroom instruction in elementary computing using FORTRAN. Also, in the
preceding 10 weeks, they had had the opportunity of solving problems using
FORTRAN. The formal lecture on the 2-D language was approximately one
hour long. Also, they were given a copy of the one-sheet user manual for
the language and a set of 16 sample problems illustrating 2-D programs, the
initial computer conversion to a linear program format, the output of the
automatic translation phase into YORTRAN, data input and the output results.
Students were advised that they should not spend more than two hours look-
ing over this "take home" material before attempting the problem. Thus, in
terms of formal training and practice, the students had a background favor-
ing FORTRAN competency by a factor of at least 20 to 1. Of course, we are
not unmindful that there is a transfer learning effect from one language to
another, but this requires study under an experiment of different design.
None-the-less, it appears unlikely that, for the case of a novice population,
the transfer learning effect would be so large as to diminish significantly the
large bias of the experiment toward FORTRAN competancy. Put another way,
any significant difference between the 2-D language and FORTRAN, if ex-
pressed as a performance ratio, should be multiplied by a "handicap" factor.
This factor should have a magnitude lying somewhere between I and 20.

Each class was randomlv divided into two equal groups. Group I was
assigned problem #1 to be done in FORTRAN and Problem #2 to be done in
K-M. Group 11 was assigned Problem 4] to be done in K-M and Problem #2 to
be done in FORTRAN. The completed FORTRAN problems were required to
be returned two weeks later. Since there were not sufficient terminals avail-
able for the class to input the K-NI programs directly, within the given time
limitations, they were asked to return their hand-written K-M programs one
week later at the beginning of the class. These programs were visually
inspected for correctness, and, where needed, error message output was
simulated and returned to the students for further debugging. Final hand-
written K-M programs were returned by the students one week later. The
use of hand-written program input is not unusual with K-M systems practice.
At Columbia University's Hudson Laboratories, where the K-M system was
used as a prodLction system (1) for several years, users were given the
option of either typing their programs directly for online (or offline) process-
ing or having their programs typed by the typists employed in the computing
center- and processed offline. Our experience at Columbia indicated that the
effort and error rate involved in typing K-M programs were no greater than
that involved in the equivalent typing of mathematical text using a standard
office typewriter. We also concluded that the input typing error rate for the
K-M program was substantially less than the error rate experienced in key-
punching the equivalent FORTRAN program. Our experience, then, led us to
believe that, in a practical sense, the K-M language was more suitable than
FORTRAN, to a computing center environment which tried to convenience
users by accepting hand written input for program compilation. However, we
should note that these conclusions were based on our informal observations
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and no formal experiments were made to obtin a precise measure of these

comparisons.

RESULTS

Since a few of the final programs were still flawed by major or minor
errors, an additional weighted data set for each class was processed to reflect
these errors. The weighting was as follows: If the program was incorrect,
then 50% of the programming time was added to the debug time, the sum
being treated as the weighted debug time. If the program contained a minor
or trivial error then 20" of the programming time was added to the debug
time, the sum being treated as the weighted debug time. However, the
results of these weighted sets were not substantially different from the un-
weighted data sets.

The results of this experiment are given in Appendix B. The block
labeled as Set #1 first gives the raw data reported by the class of 20 students
for K-M programming time, K-M debug time, FORTRAN programming time, and
FORTRAN debug time. Data for FORTRAN keypunch time, number of debug
runs, debug keypunch time, and wait time are also reported but here not
processed at this time.

Following the raw data, the total programming time (programming time +
debug time) is arranged as a two-by-two cellular array, where the elements
of each cell list total programming time corresponding to problem number and
language.

For problem 1, the mean (total) programming time ratio (Rt ) of

FORTRAN vs K-M is 3.6 and for problem 2 the FORTRAN vs K-M time ratio
is 2.9. The corresponding unbiased e'stimates of the standard deviations are
given and are typically very large for each datum. As we have noted pre-
viously, these ratios should be multiplied by a "handicap" factor h, where
l<h<20, to give a truer picture of the performance of one language relative to
the other. Thus if we define economic efficiency (E) to be inversely propor-
tional to total programming time, then the economic efficiency of K-M vs
FORTRAN as a function of problem would be

E hR FK
EKF hRt

An analysis of variance indicates that the difference between the two lang-
uages is significant at the & = .05 level, and that the difference between the
two problems is not significant at the r = .05 level but may be considered
significant at the F = .1 level.

The results for the weighted set I are not dramatically different. For

problem 1, RF K  = 3.96 and for problem 2, RFK = 3.7. The analysis oft t
variance indicates that the difference between the two languages is significant
at the F = .05 level and that the difference between the two problems is not
significant. The main effect of the weighting was to increase the FORTRAN vs
K-M programming time ratio for problem 2 and to also increase the relative
variances, accounting for the lessened statistical significance of the results.
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The results of set #2 are based on a much larger sdmple than that usedin Set #1 (34 students compared to 2(0 in the previous sample). Ior problem

;;, the mean (total ) programming time ratio of I ORTRAN vs K-M is R-tK

t.4. For problem 2, R tK 1.76. In each case the economic efficiency of
t 1K

K-M vs FORTRAN is given by 11.KI. = hR t, I<h<20.

The analysis of variance for this set indicates that the difference be-
tween the two languages is significant at the f- = .001 level and that the
difference between the two problems is significant at the t = .05 level.
Also, there is a non-neglible interaction between problem type and language.

ltlK  tVK 17[or the weighted set #2, R t 7.1 for problem IR 1.76 for

problem 2. The analysis of variance indicates that the difference between the
two languages is significant at the L = .005 level and that the difference
between the two problems is significant at the E = .05 level.

DISCIISSION

These experiments offer clear evidence that there is a decided economic
advantage for novices in using a two-dimensional approach to scientific/
engineering application programming. There is reason to believe that the
relative advantage of the 2-1) approach becomes even greater when used in a
production environment for complex application programs (1). One of the
several reasons for tilts is that the 2-i) programming approach models exactly
in many cases, or very closely in the remaining cases, visually complex
mathematical formula. Therefore, a certain part of the dubugging task simpli-
fies to routine proof reading of the original problem formulae contrasted to
the 2-D program statements. Thus there is a marked reduction of program
error for, complex formulae representation due to the fact that the translation
from problem to program is either identical or characterized by minimal
change. The same philosophy applies to the syntax of input-output which is
a major source of program error in such languages as FORTRAN. The K-M
language uses free-field and type-independent input and several kinds of
output forms, both linear, and two-dimensional, so that checking output
syntax as a function of problem specification is also reduced to a proof
reading task (see Appendices C and E for some examples).

However, the process of making precise objective judgements of relative
language efficiency confronts many difficult problems of experimental design
and practical implementation due to the large range of individual programming
capability. Judgement of precise 2-D programming efficiency is particularly
difficult because of its novel programming approach, the relative unavailabil-
ity of suitable input terminals, and the artificial intelligence aspects of the
system design for a 2-D effective system. None-the-less, the relative eco-
nomic efficiency factor of a 2-D language such as K-M when compared to a
linear programming language such as FORTRAN, appears to be so large that
only an order of magnitude best estimate seems to be sufficient. This best
estimate is expressed above by the term EKF. Certainly, further experimen-

tation along these lines is appropriate to obtain best estimates within a
narrower range.
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6. 2700. 3900. 3. $400. 5400. 2100.

1. 1500. 3600. 3. 3600. 1200. 4500.

S 300. 600. 0. C. 0. 1200.

9. 1800. 2100. 2. 900. 900. 1800.

10. 300. 600. 0. 0. 0. 1500.

iI. 2260. 1200. 0. 0. 0. 600.

12. 300. 1800. 0. 0. 0. 90).

13. 900. 900. 2. 2100. 300. 6000.

14. 4200. 1200. 3. 10800. 15000. 10800.

15. 1830. 3600. 1. 1200. 1500. 1800.

Ia. 300. 1020. 1. 300- 60. 1200.

If. L8OO. 5400. 2. 2400. 1200. 3600.

i3. 5100. 3900. 1. 900. 600. 300.

1q. 1800. 3600. 2. 2700. 3600. 5400.

20. 1200. 2700. 3. 1200. 600. 1800.

21. 1800. 3600. 1. 900. 1800. 1690.

22. 2100. 2100. 0. 0. 0. 900.

23. 900. L800. 3. 2100. 1800. 600.

24. 1SOO. 2400. 2. 900. 1200. 2100.

qcrE rHAT tHE NUMBER 9191 IS A CODE TO SIGNIFY

ThAl NO D4AT SUPPLIED FOR THIS INSTANCE

STATISTICAL RESULTS

NciE THA ICAL PROGRAMMING TIME IS NOT

DEFINED IF THERE IS NO DATA FOR EITHER

PROGRAMMING TIME OR FOR DEBLIGGING TIME

AVERIAGE PROGRAMMING TIME - 1113. SECONDS

AVERAGE DEBUG TIME x 1515. SECONDS

AVERAGE PRCGRAMPING TIME # AVERWbE DEBUG TIME a 3288. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD
RATtO DEVI AT ION

PROGRAMMING TIME 1113. 4800. 11.0 0.15513E 07 1248.

KEYPUNCH TIME 2105. 7200. 25.0 0.35601E 01 18a 1.

CEBUG RUNS 1. 3. 3.0 0.1159TE 01 1.

DEBUG timE 1575. 10800. ***** 0.54619C 07 2337.

DEBUG KEYPUNCH lIME 1758. 15000. ***** 0.96919E 01 3113.

WAIl TIME 2983. 10500. 36.0 0.73360E Ol 2109.

TCIIPR Ct,;OEBUGIIIME 3288. 14700. 50.0 0.94922E 07 30S1.

AZ
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Nt.f I i&il ALL I IMV,- 461 E 114 ).LLi)),

NLIf IIsH Il- II HE MINiMUM UAIA ELE MENI Ii 0, 1I-LN ONLY
IN FHF CAI CU# 41 ION FOF PC~EBfjfMANCE RAil] I3lIL 0 IN [HE
CENCMINATOR IS REPLACED BY I

DII$1RIBUIiON OF IOIAL PRQ'RAMHIN IIMZ

AA : average
M - median

A3



FLRIRAN lIMING RESUL(S

PRnlLEM * 8 PhGE 19

NUMER OF SIUDEN
=

fS 24

NOTE THAI ALL TIME INFORMATION li IN SECNOS
It) 12 411 (41 (51 161

STLCENT PRG'ANMING KEYPUNCH 088U6 uEBUG DEBUG WAIT
ID TIME TIME RUNS TIME KEYPUNCH 114E

TIME

1. 900 600. 1., 60. 180. 1200.
2. 600, 900. Z. 600. 1200, 4800.
1. 2220. 1500. 0. 0. 0. 1200.
4. t8O0. 2400. 1. 600. 60. 420 .
5. 2100. 5400. 0. 0. 0. 600.
b. 3600, 4500. Z. 3000, 4800. 2700.
1. 1200. 3600. 2. 2100. 4200. 2400.
8. 300. 480. 0. 0. 0. 1200.

9. 2100. 1800. 2. 900. 900. 1600.
10. 420. 900. 1. 300. 180. 1203.
It. 3000. 1320. 0. 0. 0. £20a.
12. 300. 1O. 0. 0. 0. 900.
13. 600. 900. 1. 300. 120. L503.
14. 3600. '500. 2. 1800. 3600. 3600.
is. 2700. 4 500. 0. 0. 0. loo.
16. 540. 1200. 0. 0. O. 1803.
i. 1800. 5400. 2. 1200. 600. 3600.
Id. 2100. 1500. 0. 0. 0. 300.
14. 3600. 3603. 1. 909. 900. 1800.

20. 900. 2100. 2. 90 . 600. 900.
21. 1200. 2400. 3. 4800. 900. 2040.
22. 2700. 2100. 1. IZOC. 300. 1800.
23. 900. 900. 9191. 3600. 1800. 600.
24. 1800. 2100. 2. 1200. 900. 2400.

NCE THAI IHE NUMBER 9191 IS A CODE ro SIGNIFY
THAI NO 0ATA SUPPLIED FOR THIS INSTANCE

STATISTICAL. RESULTS

NGE THAI TOTAL PROGRAMMING FINE IS NOT
DEFINED IF THERE IS NO DATA FOR EITHER
FRCGRAMMING TIME OR FR DEBUGGING TIME

AVERAGE PROGRAMMING TIME 1733. SECONDS
AVERAGE DEBUG TIME = 1253. SECGNDS

AVERAGE PROGR4-MING lIME # AVERAGE DEBUG TIME - z9s. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD

RATIO DEVIATION
PROGRAMMING TIME 1113. 3300. 12.0 0.1160E 01 1011.
KEYPUNCH TIME 2400. 4920. 11,3 0.23022E 01 151i.
DEiUG RUNS 1. 3. 3.0 0.86ZOIE 00 1.
CEBG TIME 1253. 7900. **s 0.34639E 01 1361.
CEOLG KEYPUNCH TIME 885. 4800. ***, 0.18190E 07 1349.
WAII TIME 2140. 6900. 24.0 0.23904E 01 1546.
TCf(PAG.DEBUGTfIME 2985. l1to1 . 31.0 O.58(-ISE 01 24L2.

A4



i L: th % I AL.L I IML~ ). - I N L~L

NLIE IH4 1* ItPIE MINDMUAiC4T1 ELEMENI 1i30, lHENkLJL
IN WiE CALLtOL4(LN F-0h PERF(IY4ANCi RAYIJ THZ1 0 IN IHE
CEKM IiN I TR 15 IREPL K CED 13 I

ai 1IOU FICNh CF I LT AL PROL'GR ~4MI Wa rDIME

------------ ----

AA



FLRiRAN TIMIN6 FESULIS

PIWLLEM4 4 PAuE di HWK 5

NLPeEIR CF SIUDEIS= 2

NOTE THAI ALL (IME INF(IkMAIIuN is IN SECONDS
II1 (2) (31 141 (5) 161

SFLCENI PROGRAMMING KEYPUNCH DEBUG DEBUG DEwUG MAlI
I) TIME TIME RUNS TIME KEYPUNCH T 14E

TIME

1. 2400. 240. 2. 2400. 3000. 180J.
5. idOe. 600. 0. 0. 0. 303.

NCIE THAT THE NUMBER 9191 15 A CODE 10 SIGNIFY
I-AI NO 0AIA SUPPLIED FOR THIS INSTANCE

STATISTICAL RESULTS

NCIE THAT TOTAL PRO GRAMMING TIME IS NOT
DEFINED IF THERE IS NO DATA FOR EITHER
FROGRAMMING TIME OR FOR DEBUGGING TIME

AVERAGE PRCuRAMMING TIME a 2100. SECONDS
6VENAGE UEBUG TIME = 1200. SECONDS

AVERAGE PRO3RAMMING TIME + AVERAGE DEBUG TINE * 3300. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE ST4NO4RO
RATIO DEVIATION

PROGRAMMING TIME 2100. 600. 1.3 O.ISOOOE 06 424.
KEYPUNCH TINE 1500. 1800. 4.0 0.16200E 07 1213.
OEBLG RUNS 1. 2. 2.0 O.20000E 01 1.
DEBUG TIME 1200. 2400. 0,,,* O.28800E O 1697.
rEBUG KEYPUNCH TIME 1500. 3000. **,*, 0.45000E 01 2121.
WAIT TIME 1050. 15O. 6.0 0.11250E 01 1061.
TCIIPROG*tDEBUGIIIME 3300. 3000. 2.7 0.45000E 01 2121.

NOTE THAT ALL TIMES ARE IN SECONDS

NCIE THAI IF (HE MINIMUM DATA ELEMENT IS O THEN ONLY
IN THE CALCULATION FOR PERFORMANCE RATIO THE 0 IN THE
DEICMINATOR IS REPLACED BY I

OISTRiBUrICN OF TOTAL PROGRAMMING TIME

-- ---- *------------ ---------------------------- ------------- *
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FCRIi AN I iMI.N. k L JL I

PPI1OLEM 0 13 PAGE Ijo HtWK 51Lii 4)

NUMBER OF SfUDNIS. lb

NO)IE THAT ALL TIME INHjRM&rION IS IN SECONDS
(11 (2) (31 (1 (51 (6)

SIUENT PKCGRkMMING KEYPUNCH DEtBUG DEBUG DEBUG WAIT
t( TIME TIME RUNS TIME KEYPUNCH TIME

TIME

1. 600. 900. 2. 600. 300. 600.
6. 7800. 4200. 4. 900. 1400, 3900.
1. 1800. 1800. 2. 18Q0. 2400. 1500.

21. 4500. 2700. 3. 630C. 1600. 5400.
16. 1800. 1800. 3. 1500. 900. 3600.
15. 3600. 3600. 1. 4500. 900. 5400.
12. 1200. 2100. 0. 0. 0. 2100.
17. 3600. 3600. 1. 1800. 900. 1803.
22. 4800. 1500. 1. 900. 600. 6000.
25. 1800. 1200. 1. 600. 300. 600.'
26. 600. 1200. 2. 360. 300. 1200.
Id. 9000. 3600. 1. 600. 600. 300.
3. 5"00. 2700. 8. 13800. 3000. 9000.

24. 2700. 1800. 4. 3000. 2400. 1800.
23. 3600. 2"700. 5. 3600. 3600. 3600.
1. 3600. 3600. 2. 3600. 3600, 1800.

NLIE THAT THE NUMBER 9191 IS A CODE TO SIGNIFY
TH41 NO OAf% SUPPLIED FOR THIS INSIANCE

S "AIiSfICAL RESULTS

NOTE THAT TOTAL PROGRAMMING TIME 15 NOr
OEFINFO IF THERE IS NO DATA FOR EITHER
PROGRAMMING TIME DR FOR DEBUGGING TINE

AgtRAGE PRCkRAMMING TIME = 3525. SECONDS
6 ERAGF DEBUG TIME * 2741. SECONDS

4vFRAGE PKCGRAMIING TIME * AVERAGE DEBUG TINE - 6266. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD
RATIO DEVIATION

PROGRAMMING TIME 3525. 8400. 15.0 0.54056E 07 2325.
KEVPUNLH TIME 2475. 3300. 4.1 0.10181E 07 1009.
DEBLG RUNS 3. 8. 8.0 0.37500E 01 2.
DEBUG IME 2741. 13800. ***** .0.11039E 08 3323.
DEBUG KEYPUNCH TIME 1838. 7800. *** 0.3144 E 07 1935.
WAIl TIME 3015. 8700. 30.0 0.54169E 07 2327.
TCIIPROGtDEbUGl TIME 6266. 18240. 20.0 0.20101E 08 44S4.

NCTE THAT ALL TIMES ARE IN SECONDS

NOTE THAT IF THE MINIMUM DATA ELEMENT IS 0O THEN ONLY
IN. IHE CALCULATION FOR PERFORMANCE R4IO THE 0 IN THE
OEICMINAtOR IS REPLACED BY I

DISIRIklUIICN C!P TOTAL PROGRAMMING TIME

4- ------------ ----- ---------------

**I A-
IA A - averapp

M - median

SA7

... ..



fCkRAN IIMING AESULJS

PNG.LE.4 a i. PAGE 90 HWi 5

h6PBEA LF sruCENIS- lb

NOTE (HAI ALL FINE INFOhMAIION IS IN SECGN)S
( I 121 t3 1 11 151 161

SIkCENF PRtCuRAMMING KEYPUNCH DEBUG DEBUG DEBUG WNIr
IC lIME lIME RUNS lIME KEYPUNCH T14ETIME

8. 400. 900. 3. 900. 300. 600.
6. 12OOi 3303. 3. 1800. 6300. 3600.

1. i500. 1500. 1. 1800. 1800. 60.
21. 3600. 2100. 2. 3600. 1500. 3600.
16. 2100. 2100. 5. 2400. 1200. 5400.
12. 1300. 2700. 1. 600. 0. 1200.
Ii. 1300. 3600. 1. 900. 900. 1800.
22. 5700. 1740. 2. 174C. 1200. 7200.
23. 2100. 1800. 5. 1800. 1800. 9191.
25. 1800. 1200. 3. 3600. 900. 1500.
26. 600. 1200. 1. bO. 60. 900.
1. 3600. 2100. 5. 7200. 3600. 2400g

3. 9000. 3000. 8. 4800. 3600. 9000.
2'.. 1800. 1200. 3. 3000. 2400. 1200.
23. 2100. 2700. 5. 3600. 3600. 3603.

1. 3600. 3600. 4. 3600. 1000. 1800.

N(.IE THAT THE NUMBER 9191 iS A CODE r0 SIGNIFY
Il-At NO DATA SUPPLIED FOR THIS INSrANce

STATISTICAL RESULiS

NLIE IHAI TOTAL PROGRAMMING TIME IS NOT
DEFINED IF THERE IS NO DATA FOR EITHER
FRUGRAMMING TIME OR FOR DEBUGGING FINE

AVERAGE PRCGRAMMING TIME a 3188. SECONDS
aVER&GE DEBUG TIME * 2963. SECONDS

AVERAGE PROGRAMMING lIME o AVERAGE DEBUG TIME * 6150. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD
RATIO DEVIArION

PROGRAMMING TIME 3188. d400. 15.0 0.49936E 01 Z235.

KEYPUNCH TIME 2209. 2700. 4.0 0.75565E 06 369.
DEBUG RUNS 3. 7. 8.0 0.36875E 01 2.
CEbUG lIME 2963. 7740. 130.0 0.4568E 07 2142.
DEBUG KEYPUNCH TIME 1935. 6300. ***** 0.25616E 0? 1601.
WAIl liNE 2960. 8400. L5.0 0.53904F 07 2427.

IIPROGDEBUGTIfME 6150. 14340. 22.1 0.15132E 0 3966.

NCIE THAI ALL TIMES AKE IN SECONDS

NCIE THAT IF THE MINIMUM DATA ELEMENT 15 0, THEN ONLY

IN THE CALCULATION FOR PERFORMANCE RATIO THE 0 IN THE
CECkMINAIGR IS REPLACED BY I

DISIRIBIuI(,N (IF TOTAL PkOGRAMM4ING TIME
I I

-------- *--------I '

A - average

H - median

A8



I(~Ih~N Ii?.INU .L ji I)

Ph101 EM 4 3 PAt,E lit hiWK tILtt l -

NUMIiH Ci- SIUflNI- 18

NUTE IHAI ALL [IME INFLukMiATION IS IN SECON0S
I I) 121 (31 (41 15 161

SILEENI PRE!-5RAMMING KEYPUNCH DEt3UG DEBUZ 0EBUG WAI I
IL lIME TIME RUNS TIME KEYPUNCH TINE

TIME .A
900. 900. 3. 900. 600. 10oo.

6. 3600. 3300. 4. 6900. 3600. 3903.
1. 1500. 1500. 3. 3000. 3000. 1600.

2I. 6300. 5700. 2. 540C. 600. 5400.
16. 1200. 900. 2. LS0Q. 600. 4500.
12. 1600. 2700. 0. 0. 0. 1800.
15. 2100. 9191. 1. 1800. 900. 1800.
4. 1500. 2100. 3. 1200. 600. 2400.

22. 5400. 1980. 1. 1500. 400. 7200.
20. 900. 2100. 2. L500o. 900. 9191.
25. 1800. 1200. 4. 3600. L200. 1800.
26. 1200. 1500. 1. 600. 240. 1200.
11. 144 O. 5400. 3. 3600. 2700. 600.
13. 1800. 903. 1. 8400. 1800. 4500.
3. 3000. 100. 6. 10200, 3600. 7200.

24. 100. 1200. t. 2400. zl0. 1800.
21. 3600. 3600. 6. 5400. 2100. 2100.

1. 3600. 1800. 2. 360C. 240. 1800.

NCIE THAI THE NUMBER 9191 IS A CODE TO SIGNIFY
THAI NO DATA SUPPLIEU FOR THIS INSTANCE

STATISTICAL RESULTS

NCIE THAT ICTAL PRORAMMING TIME IS NOT
LEFINEO IF THERE IS NO DATA FOR EITHER
FROGRAMMING fINF o FIR DEBUGGING TIME

AVERAGE PROGRAMMING TIME z 3167. SECONOS
AVERA : LEBUG TIME * 3417. SECONDS

AVEIRAE PRO6RAMPING TIME * AVERAGE OEBUG TIME - 6583. SECONOS

AVERAGE RANGE PERFORMANCE *VARIANCE STANDARD
RATIO DEVIATION

PROGRAMMING TINE 3167. 13530. 16.0 0,96J22E 01 3099.
KEYPUNCH TIME 2269. 4800. 6.3 0.20157E 0? 1420.
DEBG RUNS 3. 1. 7.0 0.34444E 01 2.
VtdI;G TIME 3411. 10200. ***44 0.75916E 01 2755.
0EdUG KEYPUNCH TIME 1580. 3600. 4***4 0.12968E 01 139.
will TIME 3011. 6600. 12.0 0.38703E 01 1967.
TCl1PROG&DEBUGITIME 6583. 16200. 0O.0 0.20395E 08 4516.

NCIE THAI ALL TIMES ARE IN iECONOS

NCTE THAT IU THE MINIMUM DATA ELEMENT IS 0, THEN ONLY
IN lE C:ALCULAIION FOR PERFORMkNCE R41IO IHE 0 IN ITE
C(E1CMINArIjAi I REPLACEI. BY I

0UhIRTISL1104 L- itIAL PhiR8MAINu rI 1

-4--. -44-4---.. ~4 ---------- *- --------

I I A average
M A H w median

A9



FtRI^AN IIMIN 1,LSULS

PRAIbEN 9 PAG.E Ilt, HWiK 6101 5)

NUtfTR (If S(UVLNIS= 1b

NO I E IA I LL IIME INI-IRMAII ON IS IN S LCONOS
II. I 121 t31 141 (5 1 16 1

SIUCENT PACLR4RMIOING KEYPUNCH 0E60G uEBUG D 1 WMA
I TIME TIME RUNS TIME KEYPUNCH TIME

TIME

1. 1800. 1 00. 4. 300 0. 3JOO. 1600.
21. 7200. 100. 3. 10600. 2400. 10803.

16. b0. 1200. 3. 1800. 100. 360D.

12. 2100. 300 . I. IZ0. 600. 4500.
15. 4200. 3600. 5. 720C. 5400. 1200.

. 0o. 3300. t. 4200. 2400. 13800.
22. 5280. 1920. 2. 2400. 1.20. 8100.
23. 1600. 3600. 3. 2700. 1200. 9191.
25. 1800. 1200. 3. 5400. 900. 1800.
3. 900. 900, 2. 600. 300. 1200.
6. 0400. 4803. 4,. 7800. o930. 3900.

26. 4t0. 900. 1. 9191. 9191. 1500.

3. 6000. 5400. 15. 6600. 3600. 3600.
24. 1500. 1800. 3. 1800. 1500. 1800.
21. 3600. 3600. 6, 1200. 2700. 3600.
1. 3600. 1800. 2. 3600. 60. 1800.

NCTE THAI FHE NUMBER 9191 IS A CODE TO SIGNIFY
IhAI NU DAT UPPLIED FOR THIS INSTANCE

StTrISTICA.L RESULTS

NCIE THAT TOTAL PROGRAMMING LIME IS NOT
DEFINED IF THERE IS NO OAIA FOR EIITHER
PRVCAMMING TIME OR FOR DEBUGGING TIME

4vER4GE PROGRAMMING liME - 3191. SECONO
OVERAGE DEBUG TIME 44*20. SECONOS

AVERAGE PROGRAMMING lIME # AVERAGE DEBUG TIRE s 76LI. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE S14NOAP.D

RATIO DEVIATION

PRCGRAMMING TIME 3191. 7920. 17.5 0.549461E o1 234.
KEYPUNCH lIME 2914. 6900. 8.7 0.33673E 07 1935.
CEOLG RUNS 4. 14. 15.0 0.10021E 02 1.
DEBUG TI1E 4420. 10200. 18.0 0.81176E 01 2849.
OEFUG KEYPUNCH 1IME 2212. 6840. L15.0 0.34435E 01 1356.
WAIl TIME 4600. 12600. L1.5 0.13208E 08 3634.
TCfIPROG'DEBUG)lIME 1792. t6500. LZ.O 0o.Z3521E 08 4850.

NITE THAT ALL TIMES ARE IN SECONDS

NCTE THA1 IF THE MINIMUM DATA ELEMENT IS 0O 1HEN ONLY
IN THE CALCULATION FOR PERFORMANCE RATID HE 0 IN THE
0EhCMINATflR IS REPLACED BY I

0ISTRI$!AION OF lITAL PROGRAMSING TIME

-------------------- * ------------ * -------- -

A A = average
M M = median
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FE;,.IF' A, II P l+ , F,1, JL I

Fkf.,dLEM a I A u.,I h5 h + ( L 1

NJIE IHA I ALL TIME INI-CRMAIION i, IN SECUND
I 1 (21 (31 (41 (51 161

SIUCENI PR1.MP4I.ING PEYPUNCH DE13UG DEBU( DEBUu *all
10 Ilmi TIME RUNS TIME KEYPUNCH TIME

TIME

3. idoo. 180j. 3. 100. 930. 1833.
6. 5400. 3000. 2. 3600. 5400. 3000.
i. 1500. 1800. 4. 300C. 3000. 1200.

2 4. 6600. 2600. 2. 4800. 6300. 1203.
S. 500. 2600. 3. 4800. 600. 300.

16. 2100. 1803. 4. 2100. 1200. 5400.
12. 4200. 3600. 1. 2100. 1200. 3000.
15. .800. 2403. 1. 60C. 900. 1200.
1?. 3600. 3600. 2. 3600. 1800. 1800.

6b0. 2100. 3. 120C. 900. 4200.
). 300. 2100. 1. 150C. 900. 7200.

23. 1200. 1800. 2. 600. 1200. 9191.
2z. 570. 3300. 5. 14400. 1500. 2100.
26. 1500. 1300. 2. 600. 480. 1200.
Is. £-44,00. 5403. 0. 0. 0. 300.
3. C300. 3600. 15. 10800. 4800. 7200.

24. 3600. 2400. 4. 2700. 2400. 1800.
23. 3303. 2100. 6. 5400. 2700. 3600.
1. 3600. 3600. 2. 3600. 1800. 3000.

NIE THAT IHE NuMBER 9191 IS A CODE TO SIGNIFy
THAi NL) DATA SUPPLIED FOR THIS INSTANCE

SrAIl SIICAL RESuL S

NJrlE THAI TTTAL PkCGRAMMING T IME IS NOT
DEFINED IF THERE IS NO D1f FOR EITHER
FIRGGRAMMING TIME OR FC.R DEBUGGING TIME

AVERAGE PkCGRA.,,MIN(. TIME = 4595. SECONDS
,AVEfGE OEieUG TIME * 3695. SECONDS

AVEkACF PkfGRAMMING TIME * AVERAGE DEBUG TIME - 8289. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARO
RATIO DEVIATION

PFulkAM.4LNG lIME 4595. 13200. 12.0 0.84605E 07 2909.
KEYPUNCH TIME 2811. 3600. 3.0 0.85463E 06 924.
CE8L- RUNS 3. 15. 15.0 0.97129E 01 3.
V3EdLG TIME 3695. 14400. ,,*,, 0.131401 08 3625.
CELG KEYPUNCH lIME 1762. 5400. *** 0.18618E O 1364.
WAIT liME 3117. 6900. 24.0 0.49414E O 2223.
TCTIP9CG*DEBUGJIIME 8289. 18300. L1.2 0.22834E 08 4778.

NCIF THAT ALL TIMES ARE IN SECONDS

NCIE THAI IF THE MIKIMUM DATA ELEMENT IS 0. THEN ONLY
I. IHE Al ICU.Al ION FOS PERFEIAANCE RATIO TIlE 0 IN THE

E I Ii l IfW lI(t, (;F Ir) ( , PR 4 4) Il U , ElM"
-4 ---- *-a---*

4 ~4-------4----------*--------a-----------*

A -average
A M - median

All



FLi&IAN IIPIlNL 3.ESULI'S

VIRfeLEM 4 2 PAuE 194 HWK 8

KLMBER CF SrUUCNFS
= 

4

NOIE THAT ALL TIME INIURM41HN IS IN SECON'L1
III (2 (33 14) (5I (63

SJLLENJ Pkt.GRAMt=ING KEYPUNCH DEBUG DEBUG DEBUG WAIT
I0 TIME lIME RUNS TIME KEYPUNCH IIME

TIME

8. 1200. 1200'. 2. 900. 600. 1200.
25. 2100. 1200. 3. 2400. '600. zo0.
18. 1800. 1800. 0. 0. 0. 300.
1. 1800. 1200. 1. 60. 120. 300.

NCIE THaI liE NUMBER 9191 IS CODE TO SIGNIFY

ThAT NO DATA SUPPLIED FOR THIS INSTANCE

STATISTICAL RESULTS

NCIE THAI TOTlAL PRCGRAMML.NG T IME IS NOr
DEFINED IF THERE 15 NO DATA FOR EITHER

PROGRAMMING TIME OR FOR DEBUGGING TIME

AVE4AGE PROGRAMMING TIME a 1725. SECONDS
AVERAGE DEBUG TIME = 975. SECONDS

AvERAGE PROGRAMMING TIME * AVERAGE DEBUG TIME , 2700. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANOARD
RATIO DEVIATION

PROLGRAMMING TIME 1725. 9)00. 1?8 0.10688E 06 3Z1.
KEYPUNCH TIME 1350. 600. 1.5 O.6TOO8E 05 260.
CEBLG RUNS 2. 3. 3.0 0.12500E 01 2.
DEBUG TIME 2I5. 2400. .0**** 0.150E 06 884.
DEBUG KEYPUNCH TIME 330. 600. 6000 O .781IE 05 23.
wEB tIME 750. 900. 6,0 0.20250E 06 273.

TCIIDROG*DEBUGITIME 2700. 2100. 2.5 0.IIZSOE 07 1061.

NCIE THAI ALL TIMES ARE IN SECONDS

NCIE THAI IF THE MINIMUM DATA ELEMENT IS 0, THEN ONLY
It. THE CALCULATION FOR PERFORMANCE RAIO THE 0 IN THE

DEhcMINAIOR IS REPLACED BY I

DISIRIBUrION OF TOTAL PROGRAMMING TIME

---------- ------ --- - - - ---------------------
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FRiIBLEM 0 21di PAE 49 I WK 4

Ih,"BER iF )IUDNIiz Id

NOTE THAT ALL TIME INff.MAIION I IN SECuNUS
111 21 13) (4) is5 (63

SIuCENI PkiuRAMlL1t.G KEYPUNCH DErtuG DEBUG DEBUG WAIT
Ic TIME TIME RUNS TIME KEYPUNCH TIME

I [ME

4. 900. 900. 2. 300. 60. 1803.
0. 2400. 1d00. 3. 600C. 40. 2100.
1. 1200. 1200. 2. 1800. 2400. 900.-

21. Id00. 2700. 1. 2400. 900. 3600.
I). 3600. 2100. 2. 3600. 1800. 7200.
12. 900. 900. 0. 0. 0. 1800.
15. 2100. 2400. 2. 1803. 900. 1800.
11. 1600. 3600. 3. 7200. 1800. 2100.
4. 2400. 6000. 1. 600. 300. 6300.

22. 2'00. 900. 0. 0. 0. 3300.
20. 1200. 1800. 4. 2700. 2700. 9191.
25. 1000. 1200. 1. 1800. 300. 900.
26. 430. 900. 1. 120. 120. 1200.
16. 1200. 2400. 1. 1500. 900. 300.
3. 3600. 1800. 2. 2400. 1200. 1500.

k4. 1,00. 1500. 2. 900. 900. 1200.
21. 2100. 2100. 4. J60C. 3600. 3600.
I. 3tOG. 3600. I. 300. 3600. 3600.

N(IE THAI THE NUMBER 9191 1s A CODE TO SIGNIFY
lbi NiO DATA SUPPLIED FCJR THIS INSTANCE

STATISTICAL ESULIS

NUTE THAT TATAL PhrGRAMMING TIME IS NOT
CEFINED IF THERE IS NC DATA FOR EITHER
PFCGR&MMING TIME OR FCR DEBUGGING TIME

AVERAGE PRLGRAMMING TIME - 2443. SECONDS
AVERAGE CEBUG TIME * 2240. SECONDS

AVERAGE PRC'uRAMPING TIME * AVERAGE DEBUG TIME * 4683. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD
RATIO DEVIATION

PlROGA1MMING TIME 2443. 6120. 15.0 0.23079E 07 1519.
KEYPLINCH TIME 2167. 5100. 6.7 0.16056E 01 1267.
CLLG RUNS 2. 4. 4.0 0.14969E 01 1.
CEBUG lIME 2240. 7200. ** 0.38032E 07 1950.
DEBUG KEYPUNCH TIME 1460. 4800. ***** 0.19444E 07 1344.
%Ali TIME 2612. 6900. 24.0 0.33222E 07 1823.
TCTIPR(GtDEBUGITIME 4683. 10200. 18.0 0.80914E 07 2845.

NE IE THAT ALL jIMF) ARE IN SECONDS

N(IE IHAT If [HE MINIMUM DATA ELEMENT IS O THEN ONLY
It. THE CILCUL tA ILN FOP PERFORMANCE RATIO THE 0 IN THE
OLbMINAfiR 15 PEPLACEO BY I

u I ' IT ijUI IL~j iP I , ii kl k:411f.I1 I I v,.L

e: * * I
M A average

H = med ian
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PHUL EM ?4 E) PAL !)u HWK

NLMOEr, (V STUDEEhI
= 

t1

NOTE THAI ALL lIME INi.lkMAtII0N IS IN SECONDS
II) 12) 131 141 (5) (6

SILIENT PR0}RAMNING KEVPUNCH OEBUG JEBUG DEBUG WAIT
I(G TIME TIME RUNS TIME KEYPUNCH TIME

TIME

d. 1200. 900. 2. 60C. 300. 900.
6. 3900. 2300. J. 5400. 5400. 3030.
I. 1200. 1200. 2. 1800. 2400. 900.

21. 2100. 1500. 2. 1500. 1860. 1800.
19. 3600. 2700. 2. 3600. 1800. 7200.

5. Id00. 60,0. 0. 0. 0. 600.
12. 900. 1200. 0. 0. 0. 1500.
15. 1200. 2700. 1. 900. 1800. 1800.
17. 3600. 3600. 4. loO. 2730. 3600.
4. 1500. 4800. 2. 600. 300. 3600.

22. 2700. 1503. 0. 0. 0. 4200.
20. 1200. 2700. 3. 1500. 1500. 9191.
25. 150C. 1200. 1. 1800. 420. 1200.
26. 900. 903. 1. 300. 300. 1500.
1d. 3bOO. 2400. 2. 900. 1800. 1800.

3. 6600. 3000. 3. 1800. 1500. 1500.
24. 1200. 1500. 1. 900. 600. 903.
23. 2700. 3600. 5. 360C. 3600. 3600.

1. 3600. 3600. 1. 3600. 3600. 3603.

NCIE THAI THE NUMBER 9191 Ii A CODE 10 SIGNIFY
HI.41 NO DATA SUPPLIEU FOR riLS INSTANCE

STAiStICAL RESULIS

NCIE THAI TOTAL PRCGRAMMING TIME IS NOT
,EfINED IF THERE IS NO DATA FOR EITHER
PRCGRAMMING TIME OR FOR DEBUGGING TIME

AVEtAGE PRCGRAMPING TIME - 2400. SECONL)S
AVERAGE OEBUG TIME 2084. SECONDS

AVERAGE PROGF-IMING TIME * AVERAGE DEBUG TIME * 4484. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDAkD
RATIO OEVATION

PRGGRAMMING TIME 2400. 5700. 7.3 0.2082e O 1444.
KEYPUNCH TIME 222b. 4200 . 8.0 0.13009E 0 114L.
DEBLG RUNS 2. 7. ".0 0.29751E 01 2.
CfBUG lAME 2084. 10800. **,,, 0.62950E 07 2509.
DEBUG KEYPUNCH TIME 1573. 5400. ****' 0.20856E 01 L444.
WAIT TIME 2400. 6600. 12.0 0.263DOE 07 1622.
fTIfPROG#DEBUG#TIME 4484. 13500. 16.0 0.11581E 08 3403.

NCIE IHAI ALL [IMES ARE IN SECONDS

NOfE TriA4 IF THE MINIMUM DATA ELEMENT IS 0O THEN ONLY
IN THE CALCULATION fOR PERFORMANCE RATIO THE 0 IN THE

CFPKMINATOR IS REPL&LEO BY I

OltsRtIUtTGN 2F TOTAL PROGRAMMING TIME

a. -----------------------------------------------------*
A average
median
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LfL.lz(RfJUP NUMbkk L(L.2-2=TU0ENI NUMBER WIIHIN (A.IJP
CCL .AK-PkOfLEi4 NUMBEl, C0L.4zK-PRCjGRM41NG [IME COt .5 K-U.tU3 I IME
C(L.bI--VlICBLEM NUMBER C0L.I=F-PRCjGRM. 4ING lIME C3L.9-ft-KEYPUNCH TIME
Ct'L.9-NUMBER OF UEDUG RUNS CaL.I0.F-DELsUG lIME COL.I=DEdU KEYPUNCH I14E
C(i.12wAui IME i-CR FEiUL[s

(1I(2$11 141 15 S i 61 I?) 18, t'il (10I (111I 1121

1 1 2 60. 0. 1 600. 600. 2 1800. 120. 2100.
2 2 90. 0. 1 300. 240. '0 0. 0. 1200.
3 2 )CO. 0. 1 660. 300. 0 0. 0. 0.

1 4 2 60. 0. 1 3600. 600. 0 3. 0. 0.
1 5 2 120. 0. 1 1200. 9M91. 0 .0. 0. 0.
1 6 2 bc0. 0. 1 1200. 1200. 2 600. 600. ISO0.
I 1 2 25. 15. 1 60. 919. 0 0. 0. 0.
I a 2 50. 0. 1 300. 300. 0 0. 0. 1800.
1 4 2 120. 120. 1 L800. 1500. 0 0. 0. 0.
1 10 2 240. 0. t 900. 900. 0 D. 0. 0.
2 1 1 I50. 0. 2 300. 600. 0 0. 0. 600.
2 2 1 90. 0. -2 420. 1200. 0 0. 0. 600.
2 3 1 120. 120. 2 300. 300. 0 0. 0. 600.
2 4 1 120. 60. 2 300. 180. 1 90. 60. 2700.
2 5 1 2413. 60. 2 480. 600. 0 0. 0. 1200.
2 6 1 120. 120. 2 300. 600. 2 300. 300. 3600.
2 1 1 1800. 900. 2 3600. 9191. 0 0. 0. 0.
2 8 1 3(0. 300. 2 300. 600. 0 0. 0. 0.
2 9 1 180. 300. 2 300. 180. 0 0. 0. 100.
2 30 1 180. 120. 2 300. boo. 0 0. 0. 0.

NUMUER OF STUDENTSs 20
CEVIDED EQUALLY INTO 2 GROUPS

ALL TIMES ARE IN SECONDS

lhE QAIA ELEMENT=9191. OR 91 SIGNIFIES THAT NC ACTUAL OATA SUPPLIED

I(.AL PROGRAMMING TIME (INCLUDES OEBUG 1IME'l

PROBLEM 1 K-LANGUAGE F-LANGUAGE
150. 2400.
90. 300.
240. 660.
180. 3600.
300. TO0,.
240. L800.

2?OC. 60.
600. 300.
400. 1800.
300. )00.

PROBLEM 2
60. 300.
90. 420.

900. 300.
60. 390.

120. 480.
600. 600.

itO. 36cO.
10.s.u0.

240. 300.

240. su0B

BI



MEAIK PROUAA4MIfjG TIME lIOIAL) OI- EACH PROJULLM-LANGUALE COMBINArION

K-LANGUaGE F-L ANGUAGE

F&GBLEM 1 528. 1902.

PlOBLEM 2 240. 699.

SrANoARO DEVIAtiON iPiRo3. rIMEJ OF EACH PROBLEM LANGUAGE COMBINAIION

K-LANGUAGE F-LANGUAGE

PROBLEM 1 138. 2051.

PROBLEM 2 213. 972.

S- O.J.023557E 09.

S2- O. 444256E 0

S3- O.3675IOE 08

S4- O.3393309E 00

S5- O.2331539E 08

S6-lOIAL SUM OF SQUARES- 0.7396029E 08

51-bITHIN-CELLS OF SQUARES- 0.5792982E 08

SdEROWS SUMS OF SQUARES- 0.5551696E 01

S9-CCLUMNS SUM OF SQUARESs 0.8399112E 01

SlOaINIERACTION SUM OF SQUARES- 0.Z093056E 07

MSWC- 0.1609161E 07

PPMOS. EM FII,4(L-1II- 0.3a53184E 01

LANGUAGE FII#4(L-lII. 0.521,9933E 01

41L-tb- 0.3600000E 02

B2
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I
iETNI * (W, EI IGI Eu OELSUu rIME. +l0 ILJKJkEL I P l.+CT4M, *.20 MII'P Er.U,.l

RAw D41
CUL oz;;RCUF NtJMBEF C[C.2-SIU0FNi NUMbER WITHIN GROUP
CCL.3-K-PRObLEM NUMBER COL.4=K-PROGRAMAING [IME COL.5K-0ct3UG TIME
CCL.6-F-PRCBLEM NUMBER COL.7=F-PRGGRA.A41NG TIME CLJL.S=F-KEYPUNCH rIME
CCL.ozNUMBER PF DEH4LG RUNS COL.10F-OEBUG TIME CbL.1I=0LEBUU KEYPUNCH fIME
CCL.12akbIT TIME )-lift RESULIS

111121131 (') 151 161 1.71 81 (91 (101 (1II (121

1 1 2 60. 0. I 600. 600. 2 1800. 120. 2700.
1 2 2 90. 0. 1 300. 243. 0 0. 0. 1200.
1 3 2 4C0. 0. 1 660. 300. 0 132. 0. 0.
1 4 2 60. 0. 1 3600. 600. 0 1800. 0. 0.
1 5 2 120. 0. I+ r200. 9191. 0 360t). 0. 0.
1 6 2 600. 0. 1 1200. 1200. 2 600. 600. 1800.

1 7 2 25. 15. 1 60. 9191. 0 30. 0. 0.
1 8 2 50. 0. 1 300. 300. 0 153. 0. 1O0.
1 9 2 120. 144. 1 1800. 1500. 0 3. 0. 0.
1 10 2 240. 0. 1 900. 900. 0 0. O.. 0.
2 1 1 150. 0. 2 300. 600. 0 0. 0. 600.
2 2 1 90. 0. 4 420. 1200. 0 210. 0o. 800.
2 3 1 120. 120. 2 300. 300. 0 0. 0. 600.
2 4 1 120. 60. 2 300. 180. 1 90. 60. 2700.
2 5 1 240. 60. 2 480. 600. 0 0. 0. 1200.
2 6 1 120. 120. 2 300. 600. 2 300. 300. 3600.
2 7 1 1300. 1800. 2 3600. 9191. 0 1800. 0. 0.
2 8 1 3c0. 360. 2 300. 600. 9 60. 0. 0.
2 9 1 180. 300. 2 300. 180. 0 0. 0. 1500.
2 10 1 180. 120. 2 300. 600. 0 0. 0. 0.

NLMbER OF STUDEKhS= 20
DEVIDED EQUALLY INTO 2 GROUPS

ALL 'IMFS ARE IN SECONDS

IHE DAfA ELEMENI=919l. OR 91 SIGNIFIES THAI NC ACTUAL DTA SU.

FCFAL PROGRAMMING TIME (INCLUDES DEBUG TIME)

PROBLEM I K-LkANGU4GE F-LANGUUAGE
150. 2400.
90. 300.
240. 192.
180. 5400.
300. 10800.
240. 1800.

3600. 90.
660. 450.
480. 1800.
300. 900.

PROBLEM 2
60. 300.
90. 630.

900. 300.
60. 390.

120. 480.
600. 600.
40. 64oo.

! 0. 360j.
26f.. 300.
240. 300.
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PAt~,Ct;a&MAING FINE1 (rrCd4I. OF tACII PAOLk4-LhNGUAGE CDMBINA1i[)N

K-L. NGUAGE F-I.ANGU4GE

FROELEM 1 624. 2413.

PROBLEM 2 242. 906.

SfAIOAAO JEVIAIO~N (PROG. !IME1 OF EACH PRAM LANG~UAGE COMBINl41ION

K-L.ANGUACJE F-I.ANGUAGE

PROBLEM 1 4Q05. 3140.

PROBLEM 2 213. 1503.

Sla 0.2058821E 09

52a 0. 1385696E 08

53- 0.6094519E 08

54- 0.5455134E 08

S5% C.45O6218E 08

SCNIOIAL SUR OF SQUh*RESs O.1608193E 09

SI-.lTIN-CELLS Of SQUARESs 0.13202531 09

io-RE-WS SUN$ Of SQUARES- 0.94945606 07

S9z(CLUMNS SUM OF SQUARES- 0.1518541E 08

SIO-INIEM&CIICN SUM OF SQUARES- 0.3514112E 07

MikCa 0.36613681 0f

PROeLE1 FII*41L-113) 0.2S58930E 01

IA NGUAr.E FIISAIL-1110 0.43042886 01

44L-11- 0.36O0OP~E 0?
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SE I se

C..1.|;AUP NUMtBER CLL.2=-IuJLNI NUMbER IIlHIN GROUP
C(L.3=K-PRCLE.4 NUMBER CcL.4'K-P.( GRAM.4ING IIME C3L.5zK-L-LdU6 FIME
CCL .6bF-PRCBi EM NUMBER COL.?=F-PkOGRAMM|NL, I IME CCL .3-F-KFYPUNCH TIME
CCL.9zNUMBER OF DEBUG RUN$ C,3L.LO -F-UEdUG lIME CrL.1I1=0kUG KEYPUNCH iIME
CCL.12zAIT TIME FCR RESULIS

(11121131 14)1 151 I) Ir I8i I 93 (1) ( 11 (12

I 1 2 380. 0. 1 5100. 1800. 1 1203. 0. 2100.
1 2 2 50. 3. 1 13 . 165. 0 0. b . 2t03.
1 3 2 60. 3. 1 120. 1200. 2 OO. 300. 1 30.
1 4 2 3CO. 3. 1 300. 420. 0 0. 0. 1200.
1 5 2 10. 0. 1 60. 300. 1 3. 0. 900.
1 6 2 55. 0. 1 1200. 900. 0 . 0. 900.
1 1 2 300. 3. 1 2100. 919L. 1 1350. 300. 1300.
1 8 2 60O. 0. 1 963. 300. 0 3. 0. 900.
1 9 z 300. 180. 1 603. 300. 0 0. 0. 1oo.
1 10 2 900. 180. 1 600. 1200. 2 3600. 1800. 1800.
I it 2 200. 1803. 1 1200. 600. 2 900. 300. L800.
1 12 2 240. 120. 1 600. 600. 2 5403. 180. 7200.
1 13 2 300. 300. 1 lO03. 900. 1 300. 180. 600.
1 14 2 180. 120. 1 600. 900. 0 2100. 1200. 16200.
1 15 2 2100. 300. 1 9000. 1200. 3 6303. 900. 5100.
1 16 2 1800. 35. 1 2100. 900. 2 6300. 900. 18000.
1 17 2 300. 300. 1 3600. 600. 3 1300. 600. 16200.
2 1 1 180. 0. 2 2100. 2700. 2 1200. 600. 7200.
2 2 1 bO. 0. 2 600. 900. 0 0. 0. 1500.
2 3 1 50. 0. 2 90. 300. 1 120. 60. 4500.
2 4 1 180. 60. 2 123. 300. 0 0. 0. 600.
2 5 1 1200. 300. 2 600. 600. 91 1200. 9191. 1200.
2 6 1 900. 600. 2 1200. 600. 1 240. 60. 2100.
2 1 1 120. 60. 2 180. boo. 2 603. 1200. 5 00.
2 a 1 620. 185. 2 300. 360. 3 120. 60. 1800.
2 9 ! 1500. 60. 2 900. 600. 1 300. 0. 1800.
2 10 1 120. 5. 2 400. 300. 2 1200. 300. 3600.
2 II 1 130. 300. 2 Id3. 600. 1 60. 60. 2100.
2 12 1 900. 150. 2 600. 420. 0 0. 0. 120.
2 13 1 300. 30. 2 900. oo. 1 300. 120. 200.
2 14 1 315. 50. 2 OO. 900. 2 300. 60. 900.
2 15 1 300. 0. 2 900. 1200. 1 60. 120. 120.
2 16 1 120. 60. 2 900. 900. 1 60. 30. 1500.
2 17 1 660. 360. 2 900. 1200. 1 300. 180. 3900.

NUNBFR OF S(UOENrS= 34
DEVIDED Z0UALLY INTO 2 GROUPS

&LL lIMEi ARE IN SECONDS
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A

THE 04l& ELEMENt-919I. OR 91 SIGNIFIEi INAI NO ACIUAL 0ATA SUPPLIED

rfrAL PRO.1P4MMIhG TIME 4INCLUOES OEBUG MEI .

PROULEM I K-LACGU4GE F-L4NGJAGE
180. 6300.
60. 10.
50. 1800.

240. 300.

156C. ov0.

l3c. 40o0. ,
805. 460.
1560. 600.
125. 4400.
43c. 2100.

1050. 6000.
330. 2100.
365. 3300.
300. 15300.
150. 9000.
1020. 5',00.

PRBLEN 2
380. 3900.
50. 600.
60. 210.

300. 420.
10. 1800.
55. 1440.

300. 780.
600. 420.
4 6,. 1200.

1080. 1500.
380. 240.
360. 600.
600. 1200.
300. 900.

3000. 960.
1835. 960.
600. 1200.

MEtk PRPOG4MMING TIME 1IOTALI OF EACH PROLEM-LANGU&GE CNBINATION

K-LANGUAGE F-LANGUAGE

PROBLEM 1 581. 3122.

PROBLEM 2 61L. t08.

S6



STANDARD DEVIATION IPRO3. TIME$ OF EACH PROBLEM LANGUAGE CON81NAIGN

K-LANGUAGE F-I ANkiUAGE

PROBLEM 1 S25. -3793,

PROBLEM 2 135. 832.

SI. C.5375'i62E 09

S2= 0.2674006E 09

S3- 0.2019664E 09

S4- 0.ld166L4E 09

S5. C.1526252E 09

S6-1IFAL SUM OF SQUARESm 0.3a44707E 09

S1-i-IIHIN-CELLS OF SU.UARES= 0.2101955E 09

SO-RrPWi SUMS CF SQUARESm 0.2903624E 08

54=LLLIJMNS bUM OF S4.WARES- 0.5534125E 08

SjC.=jjTEk4CII(r S.JM 0E SWUARLS 0.3u39192E ui,

M~jiCz 0.4221SG4k 3?

LANGUAGE F11.4dL'-1hIz 0.1310844EL 02

41L-11- 0.b400000E 02
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SET92,(wEIGiTEU DEBUG TIME, #501 INCIIFREcr PricGFAM. t20t MIwoR Eok4( i

RaW 0414
CCL.I=GROUP NUMBER CC.L.2.$[UDENI NUMBER WITHIN GFOJP
rLLt.3"--PRCSLEM NUNDE CUL.4-K-PROGRAMMING I N1E COL.5-K-DLBU. TIME
CEL.6bF-PRCBLEM NUMBER COL.7mF-PROGRAMMING TIME COL.i-F-KEYPUNCH TIME
CCL.9-NUMBER CF DEBUG RUNS CJL.i0-F-0EBUG TIME COL.11-DEBUG KEYPUNCH TIME
CCL.12wAil TIME CR AESULTS

11112113) (1) 51 (61 (7) IS) (9) 101 111I 1121

1 1 2 380. 0. 1 5100. 1800. 1 1203. 0. 2700.
I 2 2 50. 0. 1 70. 165. 0 0. 0. 2400.
1 3 2 60. 0. I 1200. 1200. 2 600. 300. 1300.
1 4 2 3C0. 0. 1 300. 420. 0 0. 0. 1200.
1 5 2 10. 0. 1 600. 300. 1 0. 0. 900.
1 6 2 55. 0. 1 1200. 900. 0 600. 0. 900.
1 7 2 300. 0. 1 2700. 9191. 1 1350. 300. 1800.
1 8 2 600. 0. 1 960. 300 0 0. 0. 900.
1 9 2 300. 180. 1 600. 300. 0 0. 0. 18O0.
1 10 2 9C0. 180. 1 600. 1200. 2 3900. 1800. 1800.
1 II 2 2C0. 180. 1 1200. 600. 2 1500. 300. 1800.
1 12 2 240. 120. 1 b00. 600. 2 5400. 180. 1200.
1 13 2 300. 300. 1 1800. 900. 1 1200. 180. 630.
1 14 2 180. 120. 1 600. 900. 4 3000. 1200. 16200.
1 15 2 2700. 300. 1 9000. 1200. 3 10800. 900. 5100.
1 16 2 1800. 35. 1 2700. 900. 2 6300. 900. 18000.
I Ii 2 300. 300. 1 3600. 600. 3 1800. 600. 16200.
2 1 1 180.. 0. 2 2100. 2790. 2 1200. 600. 1200.
2 2 1 60. 0. 2 600. 900. 0 0. 0. 1500.
2 3 1 50. 0. 2 90. 300. t 120. 60. 4500.k
2 4 1 190. 60. 2 420. 300. 0 0. 0. 600.
2 5 1 1200. 300. 2 600. 600. 91 1200. 9191. 1200.
2 6 1 900. 600. 2 1200. 600. 1 240. 60. 2100.
2 7 1 120. 60. 2 180. 600o 2 600. 1200. 5400.
2 a 1 620. 185. 2 300. 360. 3 120. 60. 1800.
2 9 1 1500. 60. 2 900. 600. 1 300. 0. 1800.
2 10 1 120. 5.b 2 300. 300. 2 1200. 300. 3600.
2 11 1 130. 300. 2 190. 600. 1 60. 60. 2700.
2 12 1 900. 150. 2 600. 420. 0 0. 0. 720.
2 13 1 300. 30. 2 900. 600. 1 300. 120. 2100.
2 14 1 315. 50. 2 600. 900. 2 300. 60. 900.
2 15 1 300. 0. 2 900. 1200. 1 63. 120. 720.
2 16 t 120. 60. 2 900. 900. 1 63. 30. LSOO.
2 17 1 660. 360. 2 900. 1200. ' 300. 180. 3900.

NUNBER OF STUDENTS- 31
DIVIDED EQUALLY INIO 2 GROUPS

ALL fIMES ARE IN SECCNOS

TIHE DATA ELEMENI-9191. OR 91 SIGNIFIES THAI NO ACTU4L DATA SUPPLIED
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rC(A. PROCAAMMING TIME (INCLUES oEBUG TIMEI

PFOBLEM I K-L4tGU4GE F-LANGU&GE
180. b330.
60. 10.

50. 1300.
243. 300.

1C5. o40.

1560. coO.
125. 4'03.
43C. 2100.

105C. 6000.
330. 3300.
365. 3600.
300. 19800.
laO. 9000.

1020. 5400.

PROBLEM 2
380. 3400.
50. o00.
60. 210.
300. 420.
10. 100.
55. 1440.

300. 180.
600. 420.
480. L200.
1080. 1500.
380. 240.
360. 600.
600. 1200.
300. 900.

3000. 960.
1835. 960.
600. 1200.

MEA. PG..MMING TIME IOTALt OF EACH PRODLEM-LANGUAGE COMBINATION

K-L ANGUAGE F-L AtGUAGE

PROBLEM 1 581. 4146.

PROBLEM 2 611. 10ld.

B9
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STaNDARD DEVIATION IPROG. TIMEi) OF E&(H PROBLEM L.NGUAGE COMBINArION

K-LANGUAGE F-LANGUAGE

0l08I.19 t 525. 4601.

PROBLEM e 735. 832.

Sk, 0.70i'961E 09

S2. 0.324C517E 09

S3* O.244C53E 09

S4, 0.2141693E 09

S5- ' 
0.1149611E 09

S6wIL.IAL SUM LF SQUARES- 0.5345349E 09

SI-611HIN-CELLS OF SQUARES= 0.3,54.443E 09

S8O-ObS SUMS Gf SQ.UARESS 0.3920a29E 08

S j CCILUMNi SUM OF SQUARES= 0.690421E 08

MSh(C. 0.60225bSE 01

PFPULEM F(1,4(L-1Ih1 0.651,)227E 01

LANGUAGE dL.4iL-IJ)- O.114725bE 02

4IL-1Ix 0.6400000E 02
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REFERENCE MANUAL
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APPENDIX C

The following two pages are the two sides of the K-M refere, .,,

given to students during the initial lecture
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REFERENCE MANUAL

R 0 CARD EN m . READ TANGENT
ASOLLIL CAROS E0 LOG RETURN T AN. I A.,. Q. FO OUN 2 N ANT T C
AND t"OMPUTE EQUAL . LOOP RENINL TAF
ARC "ORTINUF ExP MAIIMUIM ROUND THE A?.MIUM T 1J ID
ARCCC' IDS FILE MESSAGE SEC THET
ARCCO. .SLCART FINTIH INUS ECNAT IRES A . B. FOR h 4.5 1 'I' )N BY
AqCCOT CODA FOR OP SEC" TO
NRCCOTH COSINE FORMAT OR SIN TOP UNTIL
ARCCSC COT FORWJLA :TAERISE DIRE TRUNCATE
ARCC. C COTANGENT FRACTIONA FAAT SIN TYPE -
ARCSEC COTm FROM PAYS SI ER UR'II. 0. P. 'F
ARCEEC CSC GO PEOPON OPEZIAL UPPERS. tj-=
DRCSIN CSCH HEARING PLOT SORT VARIALE 0
ARCS1NW CTCLE IC PLUS STATEMENT ARIABLE' I READ TAPE C. 2. 2. 0.
ARCTAN DOENION INFINITY PRINT STOP iIIN Ai
ARCT ANT DIVIDED LABEL PROCEDURE SUBROUTINE .RITE
By 00 LINE PROGRAM DWITCH FROM . EIBY F1 VL

T
1 IF GCALL ELSE LINED PUNCH TAN

% hI " " A-f 'f,. 
I  

F ROM E TO GA
' 'on b .. d, 6, -- 'hpm 'h' I -r m F:Ot A ml~ r N By 2 3N' I A E

IR 'A. .h1 p,.s,,., .d,,I....,. F OMA S BY 2 U, T'L Q 20
.sp. I must III --,m,,t,I s' thp Ir,..n.n IN\n Elf 1RO5,11 N I FROM. E TO INFNLT.TT

An,,rd."lg eur mln '" 1 lt4 POE , 011000 ,' , ,, I..,,, n ,,.
S mel ,IY,..,vd~e N'1i .. I... Ad . . .. -. .2, 5

.~ ~ ~ ~ ~ ~ I ..... -I OR S05

FROM " I 'f:fP J1'E A. AC..,, C. A.,X AND 0 StN C

l R OM , I TO IC COMPUTE A, B.

... .. .. .. . ..A .... * .. ,...TO..1~p ll i A c ~l .k F - O I P T O 0
0h1L TL LOOP' I CYCLE I

{hati., p.11S..14N.ISe,..'IrlCths14.11.l.414n41,..LI., .4,4 R, DO DTATEMENT R.RO iA I TOl 0

H-k' Il 'l ' 0' - , I \ ,- I., I('I -ttmll .h,~ l .n* l " -l .~ - "III .,k

"I h4I..I Pl 'l'l¢IqA 
'
'l..T d ,4 *II#14..flhf t, I lRtIP , . e I ,r l

,d rFROM W;THIN AND

.- F " ". I ,,. FORZ 0.5. 0 WITHINr ITO RAND. ITOSLOOP 1O
/np "nUf III, .' ,. I,. .' FORMULA 6.

4rIk'I.

At AE AJ £.r 11-- v"
I , J.E READ READCARD READCARDS

READA. FROM I TOA, 15.
1,1 f m ti$f~rfed, -v b"r f d-l, P--,t n- rnea

DIMENSION A NM) .Bd and 1- 4e 1. ilI.Pd A* II.,Jlln 1,,I

I .. .. O. 14 N.k . 1) I , . I , S. I "lIREAD 3C.

DIMENDEON a 40, 0.0 0 to 30. NEAOA'.b.PFROMA*fE IUNTIL.A E91S.
S141( INE % ARNIRI E[si DISIE\SITO\
SPECIAL. VARIABLES TEMPERATURE. HUIDITY PRESSURE,
COUNT, L13.1 14 2001, ,,I 10.

,''IR,..sm~dmnhsmen..n..TTEl\'E\.O,,.I'S'EIIRIl - .,' '(.211 -. s.+1' .4.6, AI ,1

UPPER C. wEIGHT 56. K .20 301 .,.s. .I,,ld d b'IN "" n,. ,,I r . , .1

11-
t. TA.. AIMf l e -T Of INT. S.- Pl.n.b.

Cl

46,~~~ AM igi



PFZ:NT By, i A 8, Z" YI~ , FOR , I I ~ ~ fJ,,, I.... n,~, i . .. .. i -, '~ t H

PUN1" F .A.B CX GA. ".'. .. , ,. *,, ... ,.. F\I)

FOR. I I 50 AND BY 2 .JNI L 2000 READ A.,
, . ,,d ,hI'.I,..II I.L, . ...'I,:.. ,,F, lCOMPUTE Y 2X. .AND PRINT Y.

p" -, ,,,,..01 dI .I.I.'I .. ,KI. Ih'. .,i... ,.1 I, +..,i .I.,I h,. FROM. I TO.NFN TY READX. IE X 0 COMPJTE Y
, u H . I: ,,S \ o I, ..-. I tp'. d I2 F. . 2OTHERWISE GO TO STATEMENT I

'I ~ I,'.e.I~.''LFROM. ITO I0'F A A"-' TENHX" AX

,Ik d- ,p 1 ., l . 1 , t h. i 1,r - .d ., '.' L . 1. ,.o 1 . 1 . . . .+ ,H , .

PR NT ABL A COUNT XY, SIGMA J) It r -- I% I , '. ,1 , , -,i, , P h. "."- , l',

AA:NT LT 1.BL LABEL HEADING PRINT HEADING READ TAPE V, T P L ., I." I. .. I. , I....... I

WRITE TAPE. .P
1 , ,.: J .1, .... p .,,ll , .. p€ ..I.... IR,,.,, BEWIND I P AAD T P

,, oRTE END OF F1LE T P EOF T.P
'Al'. '', , d ,F ENDOF FE P THEN IF EOF PGOTO F.

,,- , , . ... ,, '. . . .r... . r .,.. , , '.r+'I. .,''' . ,,A''' r + . - I.,' .'.' e' . , ,L,, , ir+ +

PR.NT 'XMAT 1 '.E G,

PLOT Y X, A, B. PLOT O. , 0. FROM . I TO 50-
Sn. t ,;+ ,+{+ .i..r.. +1. +,, . %,+= i ++++dt,,~,l
I ,ta 1*.I tIII' ,I...l O ;U.b IKI. , .+. ,m , +ItI I. ,I

PAINT FORMAT 12, SIN !RE" FROM.I TO N. 0'~ OP . A. 'A
1

o< A

FORMAT I2 ANGLE RADIANS) ySIN THE TA --. oAND THE .:10
AN L I'S -. , DEGREES. 000'" .I 'H I' OoA .

L- l e -, -, I- . ,A , , , ,,

F F1.1 FI FII FN + ", ,IrtI'.I YIN'
+

$+,,P F l P Dr ' "e~r+ '-it . A

%,. tK%'k I T 711> I ~ I1F -fl ! %\) il

FY,, ) I" I DI 1.1FF1 F'lm . ',,b, ae ,~ h r + r)l~,, ) [ ,''-rr T - . ,<- ... mi .

SLEW N IP.~o~p.oo 4NIo
SLEW [1TOT0, Pop. .11 odooc. foe paR.g0

-.. ... It.,+,t .,11' P...", -. +.' ' - - j - -l

TYPE NEGATTVE TSUARE ROOT
PRNT MESSAGE END OF PROGRAM) AND SLEW. 0N0 TH' 0.o.HOoT

F F G THEN GO TO STATEMENT 1.ES. N. .T+ So "' oH o o0*. .. %
FI F G0G TO STATEMENT I. ,- 11.to)AI A. T., TIetHY F.

IF F GTHNENB-C E.
F F G THEN READ.. .

IF F G THEN C ONTINUE.

ELWHOTPIo ,.LSEmc * o Ef igl Too.. ''do . oo p+ ~oE- +T. d+,l, P,, , -h.

IF F G THEN . I GO TO H I T II\.
OTHERWISE COMPUTEf ))II

IF F G THEN III IFS .

F. ...... 'AI ~ ~ '.oI.,o COMPUTE. AS It\A
READ,, (OTHER- 'I Hm

IF. S OP O R SIN 4, (i' THEN~ C-0 'WISE In LI T\ f Nl '0".-' ' 1111 N)

i DO TO FORMULA 3IIIFl~

:F P G AHN H ,2N D .. CNTNE b .E,1 h

PP u A " 'A D E E S T .... .HC...O... d. . ..... i tI.I... I

IF EF G THE ... OHRI~ pj ,1l"IH

, COMPUTE A B.2IF. THEN (IF" THEN T SINni
OTHERWISE T 'COS HF - PRINT T, A. To.,I W
2 COMPUTE A B2O IF ITE THEN (IF, THEN T SIN'....,H .I 1 1 '
OTHERWISE T CDOS Tlo-o PRINT T. A, LPI'FFI, FF11 I

So.- +Ct I -I

T o.''opod 1I.. .ol..

IF O.., HI,. . d....T E - -OT , R + A.. . +, .... ' " ' ' '

GO TO STATEMENT 20N

I'F4,U ..~oo .-. IIN ...Mp . ,.oo .. ,no, 1..1 11, .. u, + . ., l f . .,.,, ,,,

F FHOOOI 0.0 THENI.AAI Io~ ~'~. ,Ie,.,,-F . r,,ohoIuo, II..,,t.. m N.. , h I 1 ..' ., =,,, T,

PROM I TO I0 READ RI)READ TALUESI S. ',L. .. i :i.. \ I,. .

tTo- -T+C S )~dP IT .A (\ \ .,, -r ~ .)1t,

l,, 1 2,. + he +

v in, mxe hnij+n ~
Iis ,+-e,,am*it ~~p

' ........... ...... _% . . .



APPENDIX D

McCracken Problems

vs.

Corresponding K-M Programs

Di



nbe, ,(
.omo ,.= subprog. ns ii.

..ves passing adjustable dimensior
- through a subprogram.

14. Given single \,ariables A, B. X. and L. w
a SUBROUTINE subprogram to computt"
S, and T from

R = VA + BX+ XL -

S = cos (27X + A)-eax

A+ _ L+1 (A + BX - L
( I 2) (A2)

15, Identify any errors in the following:.

a. CO 8(2, 1-' n)

OPROBLEM 14, PAGE 195,

SUBROUTINE RST.

R= /A+BX+XL

S=COS(2rX+A)eBX , AND

'L-

T- L A+BX fA+BX1

RETURN.

Dl



- 4ac
4'

SX2 actu
2a gral

WRITE: a, b, c, Xl, X2 sol-act

5. READ: a, b, c, x ac
Evaluate: 

unc ,

)3 unfli.

c 6 X2 ( 1  + a2/i i ec
12 L x a)a to w'

sirie
WRITE: a, b, c, x, r to

*6. READ: a, e, h, p
Evaluate:

-. P

JROBLEM 5, PAGE 14

READ A,BCX.

RBC 62 1-X + B2 {1- x

PRINT ABCXR. FINISH.

D2

I..



/8. READ: ET, ES, RO. ROPT. RIN
10 Evaluate:

1+- RG

RGOPT)
ET RG

WRITE: ET, ES, RG, ROPT, RIN, and F
9. Add appropriate READ, \Ai-'TE, and FOR-

AT statements to the ;egments
wrote tor Exer'>

'PROBLEM 8, PAGE 3-4

SPECIAL VARIABLES ET,ES,RG,ROPT,RIN.

READ ET,ES,RG,ROPT,RiN.

1+ (RG)2

1-nE)2 iR2

PR INT ET,ES,RG,ROPT,RIN,F. FINISH.

D3



row, usi.
(c) Replac, ch elern ird row

by the sum of the e .nding ele-
ments from the first arK second rows,
using a loop.

4. 4, tw.o-dimensional array named XYZ3 con-
tains tour rows and three columns. Write
separate program segments to accomplish
the following:
(a) Replace all the elements in the fourth "

row by zeros.
(b) If the product of the first element in

the first row, the second element In the
second row, and the third element in
the third row is less than 10- 5 in abso-
lute value, place a zero in DET.

(c) Replace each element in the second
column by the average of the corre-
sponding elements in the first and third
columns.

A5. 4 three-dimensional array named PUPILS
contains information about the pupil pop-:ulation of a ce' n school district, orga-
-ized as foll ;irst subscript distin-

he girls: I for -

PROBLEM 4, PAGE 8c4

DIMENSION XYZ3=(4,3) ,DET=l.

FROM J1 TO 3 XYZ3 4 j = O

IF I(xYZ3, 1,) (XYZ3 2 , 2 ) (XYZ3 3 , 3 )1 < 10 5

THEN DET=O

SXY731 1 a + XYZ31, 3

FROM i-i To 4 XYZ3 2
12 2

FINISH.

D4



.ed L

Ox, - X(l)
_ 49

Write a program 5egment to perform this
calculation.

13. Suppose we have a one-dimensional array
named V that contains 32 elements; these
are to be regarded as the 32 ordinates of
an experimental curve at equally spaced
abscissas. Assuming that a value has al-

4these three ready been given to H-, compute the inte-
-(ordinates gral at the curve represented approximately

-ional by the Y values from

ith TRAP- = ±(V 1 + 2Y2 + 2Y3 +ith 2
4~~ tOI Y32 + Y32)

.r two-
the fol- 14. A two-dimensional array named AMATR

4G

OPROBLEM 13, PAGE 9cj

SPECIAL VARIABLE TRAP.

TRAP= H (V+ fV + Y3  ). FINISH.
i=2

D5



jrresponding ,. Valtu

,nrough the tour giel P- COI

ment ot the dtfjerences i sorn-., QLj
ent trom 1ht n ')I.IrhnI s tormuta, ho.,ever

'17. Given tv No ine-cdimerfl5i0nat 3"rs namedme
Sand B ot e ,en elements each. suppose 25. Rete

that the se,ren eements oi A are punched that

on 'one card and the seen elements oT 6 \ son

are punched op another card. Each ele- nurr

mert value is puriched in 10 columns in Cha

a iorm suitable tor reading with an F10.0 nurr

field descriptor Write a program to read

the cards, then compute and print the

\alue ANORM Trom

ANORM= Xaib,

Use a 1PE20.7 field specification ior

ANORM.
18. Using the assumptions of Exercise 17, write

a program to read the data cards and then

carry out the lolowmg procedure. If every

a, > b,, for i z 1, 2. 7, print an integer

1; it this condition is not satisfied, print a

zero.
19. Rewrite the pr, irm segment for Ex-

11 to use dov' cision variable,

arrays.
20. Rewrite ment

16tr

jPROBLEM 18, PAGE 91 (ALT. INTERP ,

,EAD Ai FROM -.=I TO 
7.

READ B. FROM 1.=1 TO 7-

X=L. FROM 1=1 TO '1 IF A.<B1. THEN

X).O. PRINT XJ3 . FINISH.

D6
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4 9
t r an

,trom na

DX(1, 1) - X(l) the ekt
1= .. ,49 YS.

3Atwo-dimensional arra- named AMATR T
)contains 10 rows and 10 columns A one-

dimensional arrav named DIAG contains
10 elements %%-r~te a proerwr, segment to
compute the elenwh o0 L') NC tromn A~~

DIAG(I) =z. AMi2ki;i rv,
I= , 2,.... IAii array>

\one-dimensional array ,t.2med M con- 15 ~
iins 20 ir -gers %'.rite a pragri, -Pament
tog' -ternent to rer ole-

Tiultipli(-

JPROBLEM -3, PAGF 11 W

DIMENSION AMATR-t(1O,1O), DIAG=-1O.

FOR 1,2...,1O CIAG( )=AMATR( I

F IN ISH.

D7



imed Xi

-nts in BICB anu .,ent numLProgram B1GB in \BIGB
compute// 9. T',,o one-dimensiona! arrays named X ana

named ( Y contain 50 elements each. A variable

named XS is knovn to be equal to one of
the elements in X If XS = X, place Y, in
Ys.

This kind ot table search has a wide vari-
\rRe etv or applications, such as finding a value
ane in a table of electric utility rates from a rate

.tot, code or finding the numerical code corre-nt to sponding to an alphabetic name.

010. A t' 4 imensional array A tains 15
r(-- "-columns. A or ;orf

15 elemer
ne-d;

fROBLEM 9, PAGE 115

DIMENSION X=50, Y=50, XS=I, YS=1.

FROM i=1 TO 50 IF XS=X1 THEN YS=Y .

FINISH.

D8
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oe viewed as mu .(ion of a
dnd mati. and a vector.

,oer oT 1 Three two-dimensional arrays A. B, and C
en by .,hae 15 rows and 15 columns each. Given
-eger the arravs A and B, compute the elements

nts of C from
'0

Cj= AikBki i, = 1,2-. 15
k=1

Thi ,, is matr,x multiplication

s 12. A ! d i r'-,,jil orra, named RST has 20
ro\& , 20 columns. Con' 'he prod-

,ave u' -nain diagona' -4 RST
DPRO'

at

JPROBLEM 11, PAGE 1:1.

DIMENSION A(15,15), B(15,15), C(15,15)

= Aikkj FOR i=1,:vo..,15

k= 1

AND J=1,2, ... ,15 FINISH.

D9
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Y4 +

sin 2 Y + v- -  + _3sin2 Y

Jefine a statement tunction to compute

SLG(A) = 2.549 log (A + A2 + I

Then use the function to compute

R =X + log X + 2.549 log (A + A 2 
+.• A 7. \N.

S = Cos X + 2.549 log PL"

(1 + X + (1 + X)2 + +

T = 2.549 log[ - J
(A - B)3 + (A - B)6 + (A- Bp!

U = [B(l) + 612

+2.549log 1 + + B(l) of

8. Re

"3. Define a logical statement rtion to

cor ute the exclusive or" --Cal

v -The exclusiv'
of the ir
nut,

P tobl , page 94

FUNCTION SLG(A)=2.54,- LOG (AA.4)

R=X+LOG( X)+SLG(A).

S=COS(X)+SLG( 1+X).

T=SLG - (A-B)3 -1

u= a 8, + 6 ] 2 + SLG(1

FINMISH.

1)1 0



the point
coon lid XIMAG lie

Iae. ithin . de N,1: with its cor-

.-d then com- ners on tt, nate axes.
"ld the largest (2:}In the tollowing exercises you are tu draw a

flowchart and ,rite . complete program, in-
be posi- cluding input and output You mav use F1O.0
hat is field specifications for all input and 1PE15.6

for all output.
.n to be ?

Subtract *(a) Read the value of ANNERN; print AN-

as neces- NERN and compute and print TAX ac-
ess than 2, cording to the following table:

fHETA.
.,et SIGNS ANNERN
itive. set (jnnulI earning,- iX

Les,; than S2)000 ero

of three $20W or more t.,' 2% of the amount over

ca! rna.-l less than $5(N11- $2000
idv2 $ 3000 or more S60 plus 5% of thed otherwise amount over $5000

-0, set
'et-wise .#(b) GROSS is an employee's earnings for the

year DEPEND is :ht. number of depend-
,tatement ents he claims Mlultiply DEPEND by
.!r to state- 67"i 00. subtract the product from GROSS,
statemenz and place the diterence in TAXABL.

However. if this ditl.rence is negative,
'tement 250; place zero in TAXABL.

TRANSFER OF CONTROL

49

'PROBLEM 2B, PAGE 44

SPECIAL VARIABLES GROSS, DEPEND, TAXABLE.

TAXABL E=GROSS- (675)DEPEND.

IF TAXADLE<O THEN TAXABLE=O.

FINISH.

Dtt

.- ,t



+.(*t (.iU

sLl\e this art
\ariable run i. convert to i.
then divide b,, the result as the
independent variab.e.
i( is to be computed as a function of X

according to the formula

y /-1+X + cos 2X

i1+ + + -

for a number of equally spaced values of s.

X. Three numbers are to be read from a sqt

card: XINIT. XIC, and XfIN. XNIT, we tI%?

assume, is less than XFfl.; XINC is posi-
tive. Y is to be computed and printed
initially tor X = XINIT. Then X is to be
incremented by XINC, and Y is to be
computed and printed for this new value
ot .k. and so on, until Y has been com-
puted tor the largest value of X not ex-
ceeding XFIN. (The phrase "the largest
value of X not exceeding XFIN" lets us
ignore the problem presented in the last
two exercises. However, this formulation
does mean that if the data is set up watl
the intention of terminating the proces,
with X exactly equal to XFIN it may not
do so.)

I. In the following exercises the emphasis is on
trying to devise decision processes
than on cort 4tions. Draw. a flow

GUIDE T1 "OGRAM'M

JPROBLEM 2E, PAGE -54

SPECIAL VARIABLES XINIT, XINC, XFIN

READ XINIT, XINC, XFIN.

FROM X=XINIT BY XINC ,UNTIL k,>XF1'N

PRINT Y- 1 i+)- +

FINISH.

DI 2



APPENDIX E

K-MI Examples

(Programs as Compiled and Executed)
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APPENDIX 1.

The following 20 pages are the K-M example set give to students duria~

the initial lecture.
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FPOM 1- Y2.5 UNTIL 1) 60 PRINT

FINISH.

59019 FROM Ins BY 8.5 UNTIL I GRE.ATER THAN OR FEMUL-ro is@ PittNircav,
2)
sees@ FINISH

XIA-3. 14159965
XISuB .718268 

97777 FORMAT (114.8)

9070 96061
909 X57oX57*9.5
99901 13( CX7-(60.)) )96604.9663.90603
9000 Pl-X57
96665 FORMNAT CFt9.4X)

URITZ 2*90665.PI
0070O 960

90003 CONTINUE
ED

4-*50

19-89I
14.56
17.00
19. so

94.5.
97.*00
99-*5s

34-*56
37...
39.5.
49...

4*50

59 5:



167

-PROM 1=0 TO n. R'EAD X. P-A,'

U-25c

S0S8 READ R

0030 A SUR (I )-I FROM I** TO V

50049 FEAr X

SOBS* aS WITHIN (xm U W1i.* OF (A SUS tt)bX S*ISFC T0 (I)),

se968 PRINT X*p
S4976 FINISH

X14-3-14159S
X15inO.7tag615

47777 FORMAT (Z14.8)
READ C.9l777D Kit'.
.57-6m

SOTO 9"oir
96962f X57UXS71.

B00"t 916
900 READ I.,9T1?.)XS

PIZE67.

WRITF 2.9'777,PI .P2

INPUT 12 12
.1900e060#6 *.11583561+5

E3



, dx AND PrHNT rOPMAT 1, y,z

' -HF INTFGRAL FRON! 3 TO x IS xxx.xxx APPROXIMATFLY . FINISH.

s0611 FROM Yai TO 6 COMPTE ZINTEGRAL WITHIN (Y.XoP) OF (X) ANDI
PAINT FORMAT 14Y.Z

30020 FORMAT I THE INTEGRAL FROM S TO X IS XXX.XXX APPROXIMATELY I
50030 FINISH

X14.3.11268~

97777 FORMAT (E14.8)

Ql-
(
Qul

I * / AB S
T
r(
C
)

GOTO 999i

96662 XIS1,X1SI9|. . - :,.,-4 ",'

96661 IF((6.-Xi8!)*QI)9*63e906@4.90904 C)-t . -
96004 Xl6uINT(X16-B..XINTI(XIO.X@I). WsX166)

PluXII

P2,.X12
WRITE 2,6@elPl#,P2
GOTO 90608

90603 CONTINUE
6961 FORMAT (9024H THE INTEGRAL FROM 6 TO .I1.04H 1S #F7.3,*I0TH 4

APPROXIMATELY
E)

THE INTEGRAL FROM 6 TO 1 13 .50 APPROXIATELY
THE INTEGRAL FROM 6 TO 2 IS 2.660 APPROXIMATELY
THE INTEGRAL FROM 0 TO 3 IS 4.508 APPROXIMATELYS
THE INTEGRAL FROM 6 TO 4 IS 8.666 APPROXIMATELY
THE INTEGRAL FROM S TO 5 IS 11.50 APPROXIMATELY
THE INTEGRAL FROM 6 TO 6 IS 18.666 APPROXIMATELY

.E4



ATOM=5. PRINT ATOM. FINISH.

Se01e A*Tb1.1.5

SO@?i 'P2RUT A#T*OM
50030 FINISH

X14*3. 14 159265
XI 5al.7 16268

97777 FORNAT (134.8)
X21 *X63*XA6*X44.5.
PI -X21I*X63*X46*X44
61RIIE 2.97777,Pl

mv~Durrv~rrrEr t~rrrrrrrrrrrrrrrrrrrIrrrrrrrrrr4

E5



,00 10 REAI C SUP (1) FROM III TO 10 ~ ( - ~ F3

S0020 FROM A--5 FY .1 TO 3 COMPUJTE Q-SUMthWI7H1N (10,101) OFTiCSin'
I)*X RAI5Fr 10 (1)) AND IF ABS(Q) LESS THAN OR EQUAL TO .5 THEN
PhiI XQ *
50030 FINISH

rivKLusi0N A~23(0011)
X1 4-3.*14159265
Xlb-2.7182818

97777 FORMAT (F14.8)
X57-1.

0070 90001
90002 X57-X57*L.
98001 IF&C10.-X57)*oIl90003,90004,90OA4
90004 READ 1.97777.X23(11uX5741.)

G0T0 90112
90013 X67-5S.

Q2-(Q-.I )/ABSF(Q)
0070 90005

90006 X67-X67+.I
90005 IF((3.-X67)*02)90007.90010,900310
90019 X50- SUN(X57-1., SUMI(X57.10.).hvX23C(lsXS7.I.)*X67tc(X57)

IF(ASSF(X5@) -CRI.( .5)))900II-98011,9012
90011 PI-X61

P2-X50
WRITE 2.97777.P1.P2

90012 6070 90006
90007 CONTINUE

ENL

C ,PU C I

INUT27 916 7 5 55 51 ~i~f
- .400000-00 .3554738e-00
-. 39000009-00 .21859741-01
-. 298000-08 -. 12963600-00
-. 10,00900-00 -. 13210451-90
- .23719621-98 -. 47439244-08

-99999997-01 .2739166-00

E6



S8010 READ C SUB (1) FF80W 1-1 TO 10 OF
S0020 FbOM X--5 PY .1 TO 3 COMPUTF;C-SIM UlTHIN (20.1-J)~ OF ((C 5UF?(-
l)*x JiAxsEr TO (1)) AND IF AFS(Q) LESS THAN OR FQUAL TO -5 THEN
PRINT x.Q
50030 FINISH

DIMENSION Xe3(0011)
X 14-3-*14159265
X15-2. 71828 10

97777 FOIIMAT £F14.6)
X~57-1.

GOTO 90831
90002 XS7.xS7#1.
90001 IEC C 0.-X57*QI 90003.90@04,90004
9004 READ Io97?7,XP31Il-X5?.1.,

SOTO 90032

903 X67m-5

SOTO 90005
90886 X67-X67*.1
90005 IFC C3.-X67).O2)90007.900,99010
900 X59- SUPI(X57-1., SU?4lX5,1IA..W-X23dIlwXl 74I.*X67,cXS7))

IF(A9SFCX5@-R..5)901901,01
90011 PIuX67

h8fITE 2#97777*PI*Pg
910012 SOTO 98006
9031? CONTINUE

/ INPUTil 2 3 4 5 6 7 8 9 10

: .600I098040 .38971699-00
-.560080+06 .28195000-00

: .4900001-08 * 19693936-00
- 38000301-00 * 1294998-308

:-28996999-06 .61111911-61
-100ueeo0e-0u .17355371-01
-.23719621-08 .11252409-1 6
.99999997-01 .23456788-01
.19999999-o0 .11249945-60
.99999999-06 -31221596-00

AE



~Y c TC 7 'x 2 7 x I~ FjIN fSH

S0010 FROM X-3 FY 0.5 TO 13 PRINT Q-3*X PAISEt TO (2)+7*X

RAISEt TO (3)-19
S0020 ?INI5H

X14 3o14159265
X15=2.7182818

97777 FORMAT (FI4-8)
Xe 7-3.
QI-(CQ O.5)/APSF(G)

GO0O 90001
90002 X67-X67+0.5
90001 IF(('.3.-X67)*QI)90003,90004,90084
90004 Fl.X5083.*X67t(2.).7.*X67(3.)-19.

WhFITF 2,97777,PI
GOTO 90002

90003 CONTINJE
EN r

.19699999.03

.31787499+03

.4769999+03

.67962499+03

.9309999903

.12363749-04 1

. 16809999.841

°31028749+04-37569999-04 ,. -

.44966e49+04

.b3269999+04

.62533749+04
-72809999.04
.8415 1249+04J
.96609999-@4
,11023874+05
.1508999+05
.141P1624+05

I 5d6699905

E8



MAXIMUM n=30.

RE AD n.

A I=1 FROM4 iO TO n. READ X.

P j = AII

PPIr7 o r. PRINT FORMAT 1, n,Y,P.

FI!RAT I 'Hv POLYN 4IA! OF DEGRF" x APGU'-FNT xx.zx ,-.xx.xxx

Fo'?- I-0 T'- n PRINT 1 1;4 , A 1 .

riNiSH.

S MAXIMUM. N 30

,i030 A SUE (I)-l FFOM I0 TO N

S0040 JFEAr x

S0050 P-UM 6IIHIN (N,l1 -) OF ( A SL!F. (I)*X FAISFr" 1Ot(I)

W0 g60 PRINT/ PN

.S0070 PRINT FOFMAT I,N,X.F

S8080 FORMAT I THE POLYNOMIAL OF FFGFFF' , AFGUHFNT XX.XX ,-T.(X.Y-

xx

L0090 FIhOM I0 TO N PFINT I(P),A SUP (I)(P)

W18i0 FINISH

E9" I
; . ... . ..-- ,



LIMENSION )2I(~o31)
X14-3-1150265
XIS-2.7 18618

97777 FOIF:NAT (E14.8)
READ Im97777mX72

S0T0 90001
9 0002 X57wX57*1.
9 0601 IF((X72-X57)*Q3)90803,96004900$1

90004 X21(II-x57+1.)-k57
GOTO 90002

9-9003 iREAr 1,97777,X67
147- 5UkCX57G8-v SL"I(XS7,X72)-XPI(I)-XS741.)*X671(XS7))

Pt mX47

fm&ITE 2,97777.PIP2

P2-X67
P3- X 4a
"ITE~ 2,600fl1.Pl.P2.P3

6 "@1 FOR14AT (092SHTHE POLYNOM4IAL OF rFQP1T *11,0012* . APGIMFM? 'Ps.
2.0805H - F7.3.000*H

% "06 X57aX57+1.
9 0"5 TF((X72-3K57)*Q2)9E079001ir,9U018

90010 pI-X57

99911 FORMKAT (I8.6X*I~s6X)
bRlTE 2.9881tP1.P2
G0Gr0 90006

9 0"7 CONTINUE
END

INPUT 5 5

-1855499.05 .500"9"62~
THE POLYNOMIAL OF USSREE, 5 ARGUMNT 5.00t. a 1.10505

3 3

E10



MAXIMUM n=2C.

PRINT X =i FROM i=1 TO 1C. -ENcTH OF X IS K',O"0 ^

READ n. FROM i1: TC n PRINT Y =J. ITHE LENGTH OF Y IS FIXED FY F6

PRINT 7 FROM J=1 -,NTIL Z) L* STOP \,,,HEN 7 94

PRINT n.
FINISH.

Seef MAIMUI N-ES1

S8690 PRINT X SUw, (I YI-I FROM lot TO It

S50W

REAs N

-s-4r Paom 1 -1 to I WPazUT y Ste I wt

PRINT Z- R*?SEV To cS) FROM Jog UNTIL Z ORVATE TWAt OR TGUALITO 94

PRINT N
$000 FINISH

Eli

....................................



DIMENSION X67t 0611 ).X79(9921
XIA.3.k159265
XIS-B .71698 18

9 7777 TPMAT (914.8)
X57=1.

6010 9061
94162 X57uX7.t..

90601. 6-SQ ~06,60.66

GOTO 90008
96063 READ I,97777*X7e

X57-1.

G0T0-990065
90606 X57mX57+1.
96665 IF(CX72-X57)*Q9)96667.9916,90S6
90016 PlwX70(11-XS7+1.uwX57

WRITE 2*97777'P
6070 9006

90667 x6fOI.
Q3CQmZ.)'ABSF(Q)
6010 90611

90012 X6*uX60+.
90211 1P(X71-94.)))9691.,U013.9903

96614 PI0X1IuX60fCB.)
URITZi 2*9T77#Pl
6070 90010

9013 P1-X7v
WRITZi 2,9777.91

9Ags9009*61- 99996

*66600*0*41 .34999999eggo
.769009.6 )-.*9999999*01

.406009.6 C, *409999994se
*9600009*91 -63999999+$R
*1009666*9 WFU 15 0809"999#9
. 1 -P00* .9999999302:
.2000600+ e 2' L5040609+0
.36000001
.4006906900 L
- S46090*8 I
* 100066.1
07006090
.6600600*401.
.99006066#01
-10606090
.11990 6.68
*129060906.0
-1399666*6
.14066666.08

E12



FOR j.12.. PRINT I1

7 y'PFOR J-5AOR5 C0AN"1Ib F
Wi.TIW OVVTT LA EL AL HAPPETA ,GAMMA,71TA.

see10 P'OR 1.1,20-0..16 PRINT 1(2)

58920 FOR J-5(10)55 PRINT J(2)

50636 PRINT LABEL ALPHA.BFTA*GAMMA.ZFTA

S0049 FINISH

X14n3. 14159265
X1 5-2.7182816

97777 FORMAT (114.5)

GOTO 96661
96662 X57SX57+2.-( I )
"gal0 IF((16.-X57)*QI)96063,98664.96S64
966094 P)-X57
905 FORMAT (18*6X)

WRITE 2*90005#P1
GOTO 9009

96693 X60=.
QV=( 0-16 )/ABSF(Q)
GOTO 96666

90067 X66aX6@+10.
90616 IF((55.-X66)*02)9616.91611,96611
90911 PlmX69
90612 FORMAT (186X)

WRITE 2p98@l9&Pl
GOTO 96667

90616 CONTINUE
96613 FORMAT (4X.0065HALP4A.SX. 5X*SN16414TA. SX.4X.PSO!HSAMffAsSX. SXD6O

64HZ ETA)
%RITE 2.90013

aurP')r
2
3
A

7
a
9
to
5

15
25
35
45
55

ALPHA BETA GAMMA ZETA

E13



FSTATEMIENT 5 FiR.&'o Y=1 TO 11.

PF<IMT Y*A S T AT LE:,XT F. I N ISH.

50010 LOOP STATENT 5 PlOi Y-1 To it.

51190 Patin1 YTt

31038 STATIMW3II 5

3846 FINISH

X14-1-1 4259965-

"777 FORMAT C&4.6

'5010 90@01
9668 X?G6170*.

90064 -PIK7*
20499 POUmas ( Isb4"

8UTO Affu
9683- COIITINUS

E1



PRINT Z= SI N j

FRCM 0e=.1w BY .05 TO *L5ur

F I N I',H.

56616 PRINT Zn((SIN(THETA))/(COS(TH!TA)))*SQRT((1)/((COS(THFTA))
YsAISED TO (2))))

FROM THETA-.*Pl BY .65 TO .45*Pl
56926 FINISH

X14-3.14159265
X152.7 1628 18

97777 FORMAT (E14.8)
)L33-.I*Xl4
Qlm(Qw.65),'ABSF(Q)
GOTO 96661

96602 X(33a)X33+**5
9"So1 IF((C.45*X14-X33)*QI 90003,9eeea,9004
96664 PI-X71-((SINF(X33))/lCOSF(X33)))*SOPTF((1.)/((COSF(X33))t(P.))

bRITZ S,97777PPI
GOTO 90662

963 CONTINUE
END

.3416976

-559875i4:66
*646?6556*66
* 74879397+66
.86079781+63
.99416311+96
.11470633.61 ovrpvr
.13374666*61
* 15430955+91
.18641134+01
.31854897+01
.95277993.1
.39410661
@37135437+01
*46104769+61
*58719427+91
S7"679986#01
.106463 164+63
.14993454.66
*I33644#92

'1 Ei5

low---



c VT91L )43

q-Lo~ i

50010 R=15-LN (E RAISED TO (15))+t, AND Du9-LOGOSf RAISED 
TO (9))+3

56029 PRINT RpD
£5830 FINISH

Xl4n3. 141 59265
X15u2o7l82818

97777 FORMAT CE14log)
XS15*S-LOGF(X15'( 15.))*!.
Xaau9*-CLOGF( Ii. c9.))+3e

URITS *e97777*Pl*P2
EN D

6 1S0SS981+81 .9999999+31

E16



P1  .99 FROM1j=1 To 100.

JPIS THE RF' lABIILITY INDEX FOR COMPONENT 1

100
Q= TF P i, PRODUCT FUNCTIr'4 PRINT Q.

R=IOOQ.

R=THE TOTAL DEVICE RELIABILITY FOR !00 COMPONENTSI

PRINT FORMAT 1, R.

FORMAT I THE DEVICE IS xx.xxxx PER CENT 0EL IAFJ.

F IN ISH. :
b6019 P bUk (1)-.99 fl.OH 1-1 TO 100

G-PhOI7UC7 61THIN C301)OF (P SUF (1))

s0040 JA-100* *0Q

58650

141141 FOANA It.P

506161 FoFIIA7 1 TmF rFYICF IS XX.XXXX PEP CENT PFLIAPLF
56676 FINISH

riMltgSION X47(601)
X14=3.14159265
A 5-2-7189818

97777 FOFNAT (FIA.6)
X57al.
OlaCQul .)/ABSF(Q)
6010 90661

9600e X57sX57*I.
901 IV(C166.-X57)*QI)96663,9@06h9604

90664 X47(Il6X57+I.-99
G070 902

96663 X50s PROID(X57I1.o PFOI'(X7100.),hunX47(tlIX57..))
P I xII
6EI71 2.97777.Pl
X510100.*xI*
PR -X S
hImil 2060661.P11

"Sol FOPMAT C9915H4TME MFICE IS .F7.4*0018H PIP CINTlRILtAPLF)
Ewt

.36663233-66
a THE MICE IS .3660*62 PEP CENT PLIAPLI

1E E17



FROM i=g. TC 11 AND k-=.I To 102 Pl UNT I
NkJTE THAT OtTU LCO) I S EXEK.ISE0 F IRST

FL SH.

566ole FROK-I-TVf I AND 1.99. TO I'68 P0101T 1IjjKt3)-

97777 FORMATtRIKA.8)
XG1Q99*

6070 99001
90062 X61.X61+.

96961 F
9064 XS7..

9070 90.9
9006 XS7mXST*.

96010 PLNX9?

9011 FORMAT? (1626X0160-0)
WIET! s.90011,s~p.pa
G@TO' 9096.

93667 S~OTO. 9009
90603 COo~iVpj

-7ft I -h-2.99- 2I 16
3 99. to

6 ,6 14

9:99, 9 , I*

16O 991

31 to 3 53
slo69 4 10o

6 I60 6 too
7 low 7 I60

9 too 1"6

11 Is* tat 1

TIS bOK IPRlf4T(
OVI F195T



FRDM N=1 EN.6 TC 20
PR~INT F)RFMAT I ,N, T,1LJNiCATFE (N).

F0OThAT 1 F0OR N=xx.xxxx TH TM T .XX.

F (N I H

50010 FROM- WeIn' BY *v66 TO 310 PRINT FORWAT 1.M.TRUUCA~T (N)'

S8420 FORMAT I FOR- MeXX.Xxxx THE TRUNCATE:~t 1£XX'
S30 FINISH

X15m2.7182818
9777T FORMAT (E14.8)

X4501..

SOTO 90301
900 X45aX4S+.66

b3REV 2#60601*PtoPR
GbTO 902

9001) CONTINUE
60001l FORNAT (00037K NF.400R THE TRMINIC*TEWS*12)

FOR us 1.0000w THS T2UNCAM IS 1-
MR. Now 1.6606 THX TRUNCATE 12% L
FOR No, k.3290 THE TRUNCATE IS D
#OR U- 11.9@DW' THE TRUNCATE IS S
PON N- 3-6A00 -THE TRUNCATZ 12 '3
J911 No 4.3039 THE. TRUNCATE IS 4'
MAR Me 4.960 THE TRUNMCATE IS *
MOR No, 5-620 TRWl TRUNCATE ES,. S
FOR 9- 6.200 THE TKUMCATR.IS, f
MuR No 4.9400-. TNZ TRIUNCST.Yt 11 6
YORMe o 76000 TH,2 TRUMCATl IS/ 7
POW His d.2030 TIE TRUNCATE. IJ? '
POW~ V-.69104 INV TRUMCAT I& S.
FOR Me $%.5600 ,THE TRWNATW'IS la'
FOR Me .1824+02' THE TiJnCATE IS 10
POR Ma .1069+01' 111KTRUNGATE' 15 10
FOR No .1155.08 TH. TRUNCATE IS 11l
PON N- .1921+92 THlE TRUNCATE 1S IS
MR No -187+~01 TNX TRUNCATE 13 It
POOL N .1353F+62' THE TRUNCATE 15 t3
FOR Me .1419wee THlE TRUNCATE IS 24
FOR Me -140402 THE TRUNC47TE IS &A4
poll Me -1551+69 TICE TRUNCATE is is
FOR Ne' .1617*0 THE TRUNCATE IS 16
FOR Me .1683#091 THE TIUNCATE IS 16
POR No .1749.+69 THE TRUNCATE IS 17
FOR Me .1815#09 THE TRUNCATE IS 1S
FOR Me .1881*0t THE TRUNCATE IS 18
FOR We . 1947*00 THE TRUNCATE IS I9t

E19



-1 3Y .2 TG. COMhPUTE a=C3'S (J) AND ,/=COS aci

NM FROM THETA-4 BY IT TO 3 CMNIJYW AlIA*Co SC TNS?A,) AND'GAMA4*.

Accos(ALPHk) AND PRINT THZTA6AN(AsTMZTA-ANIA
59699 FINISH

Xi 5-3.7188815
-97777 FORMT (314.5)

Q8m(Qw.Sl/ABS$(Q)

98 5330133#o.t
96001 17(C CS.X33)*I)963#96fW.

9qS
96634 XSSwCOSM( 33)

X1,3-SACOSF(XS5)
P1.133

P3o.33Xl

.lsm "G.6 S * Ls06669*6 P.LL93569

.389Mg#-W. -396069! W3?BO0

.*599eq99e .500040"6 --6979191D-e#

jeagoos#91. .13 ::!:W61 -,,9919633U66
.14999900461 else96601, -. 366674-'
.16999999#01 *1?66406*1 -.913S?60 #
.19000"68061 I 9GGM06*0 1-. -i*36983-4
.20999994691 v21990906+*61 - .0"39470
%02999"9401 .923366*61 - e.1 I790664-08
q$*9999119#81 *34999999*01 .149*1161-U?
.96999999#01 09499997+o1 .2ig70S6l-se

*06999991 .81999??*91 . 93-09

E20



- bb

MISSION
* Of

Rome Air Development Center
RAVC ptana and execute,6 'tez eath, devetopmen-t, te,6t and
setected acquizition p'tog)'tan6 in 6uppo~t o6 Command, Con-tAot
Communicaton6 and IntefJiqence (C31 ) activite. Technicat
and engineeting 6uppo'tt within a'Lea o6 technicat competence
i6 poti~ded to ES1V Pit ogtan O66ce. (POs) and othe't ESV
ete'en-t6. The ptinciZpat technicat mi,6.6on oai-6 a-'e
comrmunwcaton6, ef-ecttomagnetic guidance and conW~ot, 6uA-
L'etance oS gtoutnd and aw46pace objec-t6, intettjence data
cottection and handLing, indo.mmation sy6tem technotogy,
iono.6phei.c puopagotion, .6otid ztate scienceA, mi'Lomxle
phy.6c6 and etectonic 4etiabiLtity, ma.ntainabitity and
compatibitity.


